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N-HYDROXYAMIDE DERIVATIVES POSSESSING ANTIBACTERIAL ACTIVITY 

BACKGROUND OF THE INVENTION 

[0001] This application claims the benefit of U.S. Provisional Application 60/394,862, 
filed July 1 1, 2002, vAnch is hereby mcorporated by reference in its entirety. 

Field of the Bivciition 

[0002] This invention relates to N-hydroxyamide derivatives which inhibit UDP-3-0-(R- 
3-hydroxymyristoyl)-K-acetylgIucosamine deacetylase (LpxC) and as a lesult, have gram 
negative antibacterial activity. 

State of the Art 

[0003] Lipid A is fiie hydrophobic anchor of lipopolysaccharide (LPS) and forms the 
major lipid component of the outer monolayer of the outer membrane of gram-negative bacteria 
Lipid A is required for bacterial growth and inhibition of its biosyndiesis is lethal to the bacteria 
Furthermoie, blockmg Lipid A biosynthesis increases the sensitivity of bactoia to otho: 
antibiotics. 

[0004] One of the key enzymes of bacterial lipid A biosynthesis is LpxC. LpxC catalyzes 

the removal of the N-acetyl group of UDP-3-0-(R-3-hydroxymyristoyl>N-acetylglucosamine. 
The LpxC enzyme is essential in gram negative bacteria for the biosynthesis of Lipid A, and it is 
notably absent firom mammalian genomes. Since LpxC is essential for Lipid A biosyn&esis and 
inhibition of Lipid A biosynthesis is lethal to bacteria, inhibitors of LpxC have utility as 
antibiotics. In addition, the absence of LpxC tcom mammalian genomes reduces potential toxicity 
of LpxC inhibitors in mammals. Accordingly, LpxC is an attractive target for antibacterial drug 
discovery. 

[0005] By way of example, U.S. Patent 5,925,659 teaches that certain heterocyclic 

hydroxamate compounds, in particular oxazoline compounds, have the ability to inhibit LpxC. 

[0006] Accordingly, compounds^ which possess LpxC inhibitory activity, are desired as 
potential antibacterial agents. 
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SUMMARY OF THE PfVENTION 
[0007] The preseat invention provides N*hydioxyamide derivatives which inhibit LpxC 

and tfaeieby possess gram negative antibactedal activity. 

[0008] In one of its composition aspects, this invention is directed to a compomid of 
Formula I, nor m: 




in 

wherein 

Ar is an aiyl or heteroaryl ring; 

Xi, X2, X3, and X4 are independently selected fiom the group consisting of hydrogen, 
alkyt 'haloalkjd, alkylthio, alkylsuUBnyl, alkylsulfonyl, hydroxyalk}4, alkoxy, alkoxyalkyl, 
haioalkoxy, alkenyl, alkenoxy, alkenoxyalkyl, alkynyl, alkynyloxy, nitro, halo, hydroxy, 
cycloalkyl, cycloalkylalkyl, arylalkoxy, arylalkoxyalkyl, haloalkylthio, haloallg^lsulfinyl, 
haloaOcylsulfonyl, haloaiylallQrl, haloaiylalkynyl» alkylsilylalkynyl, aryl alkynyloxy, 
anaminocarbonylalkyl, carboxylatB, caiboxyl, carboxamide, heterocycle, and substituted 
heteiocycle; 

and are independently selected from the group consisting of hydrogen, all^l, 
haloaflcyl, hydroxyalkyl, alkenyl, alkynji, qrcloalkyl, arjd, sustituted aryl, heteroaryl, substituted 
heteroaryl, halo, hydroxy, alkoxy, and -0-R^ where R^ is a substituted or unsubstituted atyl; with 
the proviso that R^ in formula III is not hydrox^; 

R^ is selected fix>m the group consisting of hydrogen, alkyl, haloalkyl, hydroxyall^l, 
alkenyl, alkyi^l, cycloalkyl, aryl, sustituted aiyl, heteroaryl, substituted heteroaryl, halo, hydroxy, 
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alkoxy, and-O-R* vAicxt R'^is a substituted orunsabstitutedaiyl; ^dth the proviso diat F?ia 
fonnula m is not hydro;^]; 
Zis-CHrorC(0); 

and phannaceutically acceptable salts tfaeieol^ any and all tautomers of Fonnula I, II or 
as well as prodrugs thereof; and 

provided that the compounds ofFormulal^n and in have a minimum inhibition 
concentration of 128 (ig/ml or less s^ainst at least one of the organisms selected fiom the group 
consistiiig of Acmetobacter baumannih Acinetobacter haemofyticus, Actinobacittus 
actinomycetemcomitcms, Aeromonas hydrophila, Bacteroides Jragilis, Bacteroides 
theatatoatamicron, Bacteroides distasonis, Bacteroides ovatus, Bacteroides vulgatus, Bordetella 
pertussis. Brucella melitensis, Burkholderia c^acia, BvrkholderiapseudomalleU Bur)^olderia 
mallei Fiisobacterium, Frevotella corporis, Frevotella intermedia, Prevotella endodontalis, 
Porphyromonas asaccharotytica, Campylobacter jejuni, Campylobacter fetus, Citrobacter 
freundii, Citrobacter koseri, Edwarsiella tarda, Eikenella corrodensy Enterobacter cloacae, 
Enterobacter aerogenes, Enterobacter agglomerans, Escherichia coli, Francisella tularensis, 
Haemophilus irfiuenzae, Haemophilus ducreyi, Helicobacter pylori, Kingella Hngae, Klebsiella 
pneumoniae, Klebsiella oxytoca, Klebsiella rhinoscleromatis, Klebsiella ozaenae, Legionella 
penumqphila, Moraxella catarrhalis, Morganella morganii. Neisseria gonorrhoeae. Neisseria 
meningitidis, Pasteurella multocida, Plesiomdnas shigelloUks, Proteus mirabilis, Proteus 
vulgaris, Proteus penneri, Proteus nryxofaciens, Providencia stuartii, Providencia rettgeri, 
Providencia dlcdlifaciens, Pseudomonas aeruginosa, Pseuddmonas fluorescens, Sdmomlkt 
typhi. Salmonella parat)phi, Serratia marceseens. Shigella flexneri. Shigella boydii. Shigella 
sonnei, Shigella dysenteriae, Stenotrophomonas maltophilia, Sreptobacillm moniliformis. Vibrio 
cholerae, Vibrio pardhaemolyticus. Vibrio mdnificus. Vibrio ciginofyticus. Yersinia 
enterocoMca, Yersinia pestis. Yersinia pseudotiAerculosis, Chlamydia pneumoniae. Chlamydia 
trachomatis, Ricketsia prawazeUi, CoxieUa burnetii. Ehrlichia chqfeensis, and Bartonella 
hensenae. 

[0009] In a preferred embodiment, this invention pixyvidesconvx)^^ 
or VI: 
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whexein: 

Xi, X2, X3, and X4 aie mdqpendendy selected fiom fhe group consistiiig of hydrogen, 
alkyl, baLoglkyU alkylfliioyalkylsulfinyl, alkylsulfonyl, hydio^^alkyl^ alkoxy, alkoxyalkyl, 
haloalkoxy, alkmyl, alkenoxy, alkenoxyalkyl, alkynyl, alkynyloxy, nitro, halo, hydroxy, 
pycloalkyl, cycloaOgrlalkyl, arylalkoxy» axylalko^gralkyl, haloalkyllfaiOy haloalkylsulfinyl, 
haloalkylsulfonyl, haloar^ali^l, haloaiylalkyn^, allg^lsilylalkynyl, aiyl, alkynyloxy, 
anaminocarbonylalkyU carboxylate, carboxyl, carboxamide, hetarocycle, and substituted 
heterocycle; 

and are independently selected from Ihe groiq> consisting of hydrogen, alkyl, 
haloalkyl, hydioxyalkyl, aBcenyl, alkynyl, cycloalkyi, aiyl, sustituted aryl, heteroaryl, substituted 
heteroaryl, halo> hydroxy, alkoxy» and where R^ is a substitutied or unsubstitated aiyl; with 
the proviso that in Formula VI, R^ is not hydroxyl 

R^ is selected from the group consisting of hydrogen, alkyl, haloalkyl, hydroxyalkyl, 
alkenyl, aUQuyl, cycloalkyi, aryl, sustituted aryl, heteroaryl, substituted heteroaiyl, halo, hydroxy, 
alkoxy, and -O-R^ ^ere R^ is a substituted or unsubstituted aryl; with the proviso that in Formula 
Vn, R^ is not hydroxyl; 

Zis-CH2-orC(0); 

and pharmaceutically acceptable salts thereof, any and all tautomers of Formula I, II or III, 
as well as prodrugs thereoi^ and 

provided that the compounds of Formula IV, V and VI have a minimum inhibition 
. concentration of 128 (ig^ml or less against at least one of the organisms selected from the group 
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consistiiiig of Acinetobacter baumnmih Acinetobacter haemolyticus, ActinodacUlus 
QCtmomycetemcomitans, Aeromonas hydropMa, Bacteroidesfragilis, Bacteroides 
theataioatamicron, Bacteroides distasonis, Bacteroides ovatus, Bacteroides vulgatus, Bordetetta 
pertussis, Brucella melitensis, Burkholderia cq^acia, Burl^olderia pseudomallei, Burkholderia 
mallei Fusobacterium, Prevotetta corporis, Prevotella intermedia, Prevotella endodontalis, 
Porphyromonas asaccharofytica, Can^tobacter jejuni, Canqylobacter fetus, Citrobacter 
freundii, Citrobacter koseri, Edwarsiella tarda, Eikenella corrodens, Enter obacter cloacae, 
Enterobacter aerogenes, Enterobacter agglomerans, Escherichia coli Francisella tularensis, 
Haemophilus influenzae, Haemophilus ducreyi, Helicobacter pylori, Kingella kingae, Klebsiella 
pneumoniae, Klebsiella axytoca, Klebsiella rhinoscleromatis, Klebsiella ozaenae, Legionella 
penumopMa, Moraxella catarrhalis, Morganelta morganil Neisseria gonorrhoeae. Neisseria 
meningitidis, Pasteurella multocida, Plesiomonas shigelloides, Proteus mirabilis, Proteus 
vulgaris, Proteus penneri, Proteus myxofaciens, Providencia stuartii Providencia rettgeri, 
Providencia alccdifaciens, Pseudomonas aeruginosa, Pseudomonas fluorescens, Salmonella 
typhi, Salmonella paratyphi, Serratia marcescens. Shigella flexneri. Shigella boydii. Shigella 
sonnei. Shigella dysenteriae, Stenotrophomonas maUophilia Streptobacillus moniliformis. Vibrio 
cholerae. Vibrio parahaemolyticus. Vibrio vulnificus, Vibrio alginolyiicus. Yersinia 
enterocolitica. Yersinia pestis. Yersinia pseudotuberculosis, Chlofnydia pneumoniae. Chlamydia 
trachomatis, Ricketsia prowazekii^ Cmietta burnetii^ Ehrlichia chqfeensis, and Bartonella 
hensenae. 

10010] Preferably Xi, Xz, X3, and X4 are independently selected fiom the group 

consisting of hydrogen, all^l, alkoxy, alkenyl, alkenyloxy, alkynyl, alkynyloxy» nitio, 
hydroxyalkyl, haloalkyl, haloalkoxy, halo, hydro^^l, atylalko^Qf, alkoxyalkyl, cydoalkylalkyl, 
ammocarboxyaUtyl, alkylthio, haloalk^lhio, alk;^sulfinyl, haloalkylsulfinyl, alkybilanylalkynyl 
and haloatylalkynyL 

[0011] Piefcraibly, Ar is phenyl or 2,5-dihydio-benzo[6]oxepine. 

[0012] Particularly preferred p£i-)(X2-XX3-)(X4->Ar- groups include the following: 

3.4- dimethoxy-5-propylphenyl; 
9-methoxy-2,5-dihydro-benzo[i]oxepine; 
3-allyl-4-allyloxy-5-methoxyphenyl; 
3,4^-triethoxyphenyl; 
3,4,5-trimeflioxyphenyl; 

3.5- dimethyl-4-nitrophenyl; 
3,5-dimethoxy-4-.niethylphenyl; 
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3-^-hydioxyproi>yl)-4,5-dimelhoxyph 

3-trifluonjmethaxyplieDyl; 

3,S-dihiomo-4-met]iylph^l; 

3- me(hoxy-4-iDel]iylplienyl; 
3,S-diinefliylpheQyl; 

4- hydi0xy-3-ine1ho?^-5-piopylphenyl; 
3-(3-allyloxypropyl)-4»5-dimethoxypheixyl; 
3><34)enzyloxypropyO-4,S-dimetfaoxyphc^ 
3,4-dinie&oxy-S-<3-pn>poxypropyl)pheQyl; 

3-hexyI-4,5-<iimethoxyphenyl; 
3,4-dimethoxy-5-pentylphenyl; 

3- allyl-4-hydroxy-5-methoxyphenyI; 

4- metboxy-3-1rifluor0ineflioxyphenyl; 
3-prop:^plienyl; 

3- allylplienyl; 

4- aUyIoxy-3'tri£luon)niethoxyphenyl; 
3-trifluoromethylphenyl; 
3,4-dimethoxy-5-(3-methoxypropyl^henyl; 
3-(3-eflioxypropyl)-4,5-diinethoxyplieiiyl; 
3-aUyl-4,5-dimeflioxyphenyl; 
3-butyl-4,5-dimcthoxyphenyI; 
3,4-dimeAoxy-5-(333-trifluoK)propyl)phenyl; 
3-diinetfaylcarbamoylmethyl4,5-<Iimelhox^ 
3»S-difaiomo-4-'medioxyp]ieDyl; 
3-iodi>4^-dimedK>xypheiiyl; 
3K3-fliiorqpiopyl>4.5-dhnelhoxyphenyl; 

3- trifluoiomediyltfaiqpheiiyl; 

4- trifluoroinetfayltfaiophenyl; 
3-trifluoromediyIsulfinylph^yl; 
3-<l-fluorDpippyl)-4,5-<iimetfaoxyphenyl; 

3- ethynyl-4^-dimetho;orphenyI; 

4- metfaylfhi(>*3-trifliiozomjBthoxyphmyl; 
4-metlioxy-3-pFopylpheDLyl; 
3-(2,2>trifluoToethylfluo)phenyl; 
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3-pcatafluoroetbylthiopheiiyl; 
3,5-diallyl-4-inethoxypheiiyl; 
3-tiifliioK>methoxy-4-met}ioxy-S-pro^ 

3- brom<>4,5-<Jiinethoxyphenyl; 
3,4-dimetlioxy-5-prop-l -ynylphenyl; 
3,4-diine4hoxy-5-(2;2^-trifluoroetho5cy^ 

4- methoxy-3,5-dipropylphenyl; 

3- me1hoxy*-5-prqpylphenyl; 

4- methoxy-3-trifluon)methyltbiophcnyl; 

3-(l ,2^^-telrafluoro- 1 •trifluoronieaiyl)ethylthiopheny 1; 
3^-bis-trifluoromethylihiophenyl; 

3- methoxy-5-trifluoromethyIthiophenyl; 

4- inethoxy-3-propyl-5-triflu()romethylthiophenyl; 
3,4-dimethoxy-5-trifIuoromcthylthiophenyl; 
4-aUoxy-3-trifluoromethylthiophenyl; 
4-n-propoxy-3«trifluoroinetbylthiopheiiyl; 
4-7i-butO-«nyloxy-3-trifluoroincthylthiopheayl; 
4-^^-butoxy-3-trifluorome1hylthiophOTyl; 
4-(3-methylbut-2-enyloxyO-trifluoromethylthiopheny]; 
4-(3-fluoiX)phenethyl>34rifluDiomethyiauoplienyU 
4-n-peiityl-3-trifluoromethyltMophenyl; 

3- trifluoromclhylthio-4-(trime^^ 

4- etfaynylO-tiifliiaromethyHUophenyl; 
4-anyl-3-triflu(m>metfaytauophenyI; 
4-n-propyl--3-ttifluoromefl^l1}iiq>h^yl; 

3- tri£Iuoromethylthio4-viiiy]phenyl; 

4- ethyl-3-tn£li]oxometfaylthiophcayl; 
4-piopargyloxy-3- trifluoionieliiyltfaiophenyl; 
34iifluorome11ioxy-4-tri£luoromefhyl1hiophe^^ 
4^oxy-3-trifluan»nefhylihiophe3iyl; 
4-(2,2^-trifliiorDetb-l-yloxy)-3-tnfIuoiomet^ 
3,4-dimethoxy-5-pheaylpheiiyl; 

3- tri£Iuoroniethoxy-4-vinylplienyl; 

4- bcii2yloxy-3-trifluoroinethylthiophenyl; 
3-(3«fluon}phenylediynyl)-4,5-dimedioxyphenyI; and 
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4-e1byl-3-trifluarometfaoxypheayL 
[0013] Pruned groups include hydrogen, alkyU alkoxy, haloalkyl, hydroxyl, aiyl, 
substituted atyl, and alkynyl. 

[0014] Particularly preferred groups include a-etfayl, a-fluoro, a-hydroxy, p-methoxy, 
P-fluoro, p-trifluoromethyl, a-naphth-2-yloxy, a-(4-biphenyloxy), p-(4-biphenyloxy), and ethynyl. 

[0015] N-hydroxyamide derivatives ivithin the scope of tbis invention include those set 

forth in Table I, II and m as follows: 



[0016] Table I 




(Xi-XXr)0£3-)CX4->Ai- 


Z 


R* 


3,4-dimedu»[y-5-piDpylphB^yl 


-C(0)- 


H 


9-inethoxy-2,S-dibydio-benzo[6]oxe[Hne 


-c(o>. 


H 


3-allyl-4-alI^oxy-5-inedioxyphenyl 


-C(0> 


H 


3,4^triefhoxypheayl 


-C(0> 


H 


3,4,5-(iiniedioxxpheii^ 


-C(0> 


H 


3,4-dmieflxni7^S-]nopylphenyl 


-CHa- 


H 


3,S-djiiietfayl-4-iiitroiAenyl 


-C(0)- 


H 


3,S-dimedKH^-4-meQi^ld]ei)yl 




H 


3<3-hydn»^iopyl)-4>S-ciimet]ioxyp]ieayl 


■cioy 


H 


3-trifluoroinethoxyphenyl 


-C(0> 


H 


3,S-dibtoino-4-melhylpheDyl 


■c{oy 


H 


3-]nediaxy-4-mediyl{dienyl 


-C(0> 


H 


3,5-dimefhylpihen^ 


-C(0)- 


H 


4-lqfdtoxy-3-niet}ioxy-5-pn]pyl{thenyl 


-C(0> 


H 


3-(3-anyloo9ptopyI)-4,5-<limedioxypheayl 


-C(0)- 


H 


3-(3-benzyloxypropyl)-4,5-dimefl»03^henyl 


-C(0)- 


H 
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3,4-dimettioxy-5-(3-propoxypropyl)phenyl 


-C(0). 


H 


3-cyclopropylmethyl-4,5-diinetboxyplienyl 


-C(0)- 


H 


3-hexyl-4,5-dimethoxyphenyI 


.C(0)- 


H 


3,4-dimethoxy-5-pentylphenyl 


-C(0> 


H 


3-allyM-hydroxy-5-methoxyphenyl 


.C(0)- 


H 


4-methoxy-3-trifluoromethoxyplienyl 


-C(0). 


H 


3-propylphenyl 


.0(0). 


H 


3-alIyIphenyl 


-C(0)- 


H 


4-aUyloxy-3-trifluoromethoxyphenyl 


.C(0). 


H 


3-trifluoromethylphenyl 


-C(0> 


H 


3,4-dimethoxy-5-(3-metho^iopyl)phenyl 


-C(0>- 


H 


3-<3-«thoxypropyl)-4»5-dimeftioxyphenyl 


-c(oy 


H 


3-allyl-4,5-dimethoxyphenyl 


-C(0)- 


H 


3-biityl-4,5-diniethoxyphenyl 


.C(0). 


H 


3,4-<iimethoxy-5-(3,3,3-trifluoropropyl)phenyl 


-C(0> 


H 


3HiimethylcarbaniQylTnethy1-4,ji-diniethoxyphgnyl 


-C(0). 


H 


3^»dibromo-4-metfaoxyphenyl 


-C(0> 


H 


3-iodo-4,S-d]metfaoxyphenyl 


-C(0> 


H 


3-(3-fluoroptopyl>495-dimethoxyphenyl 


-C(0> 


H 


3-tri£Luoroixiethylthiophenyl 


-C(0> 


H 


4-tiifluoiomethyltluophenyl 


-C(0> 


H 


3-trifhioiomethanesulfinyIphenyi 


-C(0> 


H 


3-(l*fluoropn3pyl)-4,S-dimetfaoxyphenyl 


■cioy 


H 


3-etlqaiyl-4,5-diiiietii03^henyl 


-C(0> 


H 


4-med]yhMo-3-trifliiorome(hoxyphenyl 


-C(0> 


H 


4-mefli05Qr-3-propylphenyl 


-C(O). 


H 


3-(2^>trifluoioethyltfaio)phcnyi 


-C(0> 


H 


3-pentafluoroethylthiophenyl 


-C(O)- 


H 


3,5-diallyl-4-methoxyphenyl 


-C(0)- 


H 


3-tii£Iuoromethoxy-4-methoxy-5-propylphenyl 


-C(0). 


H 


3-bromo-4,5-dimethoxyphenyl 


-C(0> 


H 


3,4-dimethoxy-5-prop-l-ynylphenyl 


-C(0> 


H 


3,4-<iimethoxy-5-(2,2^-trifluoroethoxy)phenyl 


-C(0> 


H 


4-methoxy-3,5-dipn)pylpheaiyl 


■cioy 


H 
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3-meaioxy-5-propylpheiq'l 


-c(0F ■ 


H 


4-methoxy-3-triiluoromethylthiopheDyI 


-C(0)- 


H 


3-(l,2A2-tetrafluoro-l-trifluoromethyl)ethylthiophenyl 


-C(0)- 


H 


3,S-bis-trifluorometh)dthioph^yl 


-C(0>. 


H 


3-meftioxy-5-trifluoromelhylthiophenyl 


-QO)- 


H 


4-methoxy-3-propyl-5-trifluoromethylthiophenyl 


-C(0)- 


H 


3,4-dimeflioxy-5-trifluoromethylthiophenyl 


-C(0)- 


H 


4^oxy>3-trifIuorotiiethylthiophenyl 


-C(0)- 


H 


4-»-pTopoxy-3-trifluoromeaiylthiophenyl 


-C(0> 


H 


4-n-biit-3-eayloixy-3-trifluorometliyl±ioplieo.^ 


-C(0> 


H 


4-n-butoxy-3-trifliu)romethyltbiqphenyl 


-C(0> 


H 


4-0-me&y]1iiit-2-eDylaxy>3>trifIuoiomediyitliiophenyl 




H 


4-(3-fluonq[>lienethyl>3-4]i^ 


■<XO> 


H 


4-n-pentyl-3-trifluoiDinefhyhluopheaiyl 


-C(0> 


H 


3-tiifluoromethyltWo-4-<trimethylsilanylethynyl)phenyl 


-C(0> 


H 


4-efliyn.yl-3-trifluoromethylthiophenyl 


-c(o^ 


H 


4-aUyl-3-trifluorometta3dfhioph«iyl 




H 


4-7^propyl-3-trifiuoronlefll^1lliqphBnyl 


-C(0)- 


H 


4-medioxy-3-1riflupioiiiethylflaophBayl 


-CHr 


H 


3,4-dimefho:^75-trifluor(»ne0iylfhiqphaiyl 


-CH2- 


H 


3-trifluoiomediyl6uophraiyl 


-CH2- 


H 


3-tnfhuirometli^fliio-4-vuiylp]iBtiyl 


-C(0)- 


H 


4-efhyl-3-trifluoiomediylfliiop]ieDyl 


•AO)- 


H 


4-}aopaigyloxy-3- Iriflaoioinetl^Mojphenyl 


.C(0> 


H 


3-trifiuoiomei]ioxy-4-1rifluotomed]yUiuophienyl 


-C(0> 


H 


4-efiioxy-3^liiflu(»omelliyIdiioi^eoyl 


-C(0> 


H 


4-(2,2;2-trifluoK)elh-l-yloxy)-3-trifluoromethylthiophenyl 


-C(0)- 


H 


3,4-<iimetiioxy-5-n-propy!phaiyl 


-C(0> 


e&yl 


3 ,4-diinelhoxy-5-ph«iyIphenyI 


-C(0> 


H 


3 -trifluoromethoxy-4-viiiylphenyl 


-C(0> 


H 


4-ben2yloxy-3-trifluoromefliylthiopheDyl 


-C(0)- 


H 


3-(3-fluorophenyIethynyl)-4,5-dimeiiioxyphenyl 


-C(0)- 


H 


4-ediyl-3-tiifluoiomethoxyphenyl 


-C(0)- 


H 
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[0017] Table n 




(X,-XX2-)(X3-)(X4-><p- 


Z 


rV 


3,4-dimethoxy-5-propylphenyl 


-C(0)- 


H 


3,4-dimethoxy-5-trifluoromethyltbiophenyl 


-C(0)- 


a-fluoro 


3,4-dimed)oxy-5-trifhioroinefliyltiiiophenyl 


-C(0> 


a-hydiojqr. 


3,4-duiiietlu}xy-S-1ri£hioixmiel]iyltfaiq)benyl 




P-methoxy 


3,4-dimedioxy-5-trifluon>med]yltibiophenyl 




p-fluoio 


S-trifiuotomethylduophenjd 


-C(0)- 


H 


S-methoxy-S-trifluoiomethyldiiqphea^ 


-C(0). 


H 


4-meQu»7-34rifluoromethyIthio[dieny^ 


-C(0)- 


H 


4-metfaoxy-3-propyl-S-trifluoioinethylfhiqpheQyl 




H 


3,4-dimethoxy-S--tdfluoiDmefliylfhiophffliyl 


-aoy 


H 


3,4-Klimethoxy-S-trifiuoioniethyIdiiophenyl 




P-tzifluoromethyl 


3,4-dimet]K}xy-S-trifluQromethylfhiqpheii^ 


-C(0)- 


a-napMi-2-yl 


3,4-^imeaioxy-S-trifiuoromethyltIiiophenyl 


-C(0> 


a-(4-biphenyl) 


3,4s]jmelh(»{y-S-trifluoioinetihyltiiiophenyl 


-c(o> 


p-(4-bipheiiyl) 


3,4-dimetlioxy-5-trifluoroinethyltfaiophenyI 


-C(0)- 


fluoxo/fluoio 



9 = phenyl 

* Unless otherwise indicated R^* is hydrogen. 
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[0018] TABLE m 




(X,-)(XrXX3-XX4-><I)- 


Z 




3,4-<limethoxy-5-trifluoromefliyl1hiopheaayl 


-C(0> 


H 


3,4Hlunethoxy-S-tri£luoromethylthiophenyl 


-C(0> 


Ethynyl 


3,4-dimetidoxy-5-tri£luoiomethylfhiophenyl 


.C(0> 


tiifluoromethyl 



(p = phenyl 



[0019] Specific compounds within the scope of this invention include the foUoiving 

conipounds: 

l-(3,4-d]methoxy-5-piopylbeDzoyl)pynofidine-2R-K:ai^ acid hydnixyamide; 
l-(3,4-d]n2ethoxy-S-piopylbeDZoyl)azetidine-2R-carbos^ acid hydicxyamide; 
l-(9-methoxy-2,Ssiihydro-benzQ|b]oxq)ine^7-Kiarbonyl)azeti^ acid 
hydxoxyamide; 

l-<3-^yl-4-aUyloxy-S-mefboxybenzoyOa2etidine-2R-<:arboxyU^ acid hydroxyaxnide; 
l-(3,4^-'triethoxybcnzoyl)azetidine-2R-carboxylic acid hydicxyamide; 
l-(3,4^-trimethoxybenzoyl)azetidine-2RH»iiboxylfe acid hydioxyamide; 
l-(3,4-dimetfaoxy-S-pn>pylb»izyl)azetidme-2R-caiboxylic acid hydioxyamide; 
l-(3,5-dimethyl-4-nitrobenzoyl)azeddine-2R-caibo}^iic acid hydioxyamide; 
l-(3,S-dimetfaoxy-4-methylbenzoyl)azetidine-2R-caiboxylic acid hydicxyamide; 
l-[3-(3-hydioxypiopylM^'^imethoxybenzoyl]azetLdine-2R-K:aito acid 
hydrcxyamide; 

l-(3-trijQuoiomethoxyben2X>yl)azetidine-2R-carboxylic acid hydioxyamide; 
l-(3,5-dibiomo-4-mefhylbenzoyl)azetidine*2R'<»'boxylic acid hydioxyamide; 
l-(3-methoxy-4-methylbenzoyQa23Btidine-2R-H»urboxyUc acid hydicxyamide; 



12 



wo 2004/007444 



PCT/US2003/021838 



l-(3,5-dimethylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(4-hydroxy-3-metho5cy-5-piopylben2oyl)azetidine-2R-caA acid hydroxyamide; 
1 -[3-(3-allyloxy-propyl)'4,5-dimethoxybenzoyl]azetidinc-2R-c^ acid 
hydroxyamide; 

l.[3.(3.benzyloxy-propylH*5-dimethoxybenzoyl]a2fitidine-^^ 
hydroxyamide; 

143,4-dimethoxy-5-(3-propoxypropyl)benzoyl]azetidine-^^ 
hydroxyamide; 

1 -(3-cyclopropylmeihyl-4,5Hlimetho3orbeiizoy l)az»tidine-2R-K^ acid 
hydroxyamide; 

l-(3-hexyl-4,5-dimethoxybenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
lH(3,4-dimethoxy-5-peiitylbeiizoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(3"aUyl'4-hydioxy-5-methoxybeiizoyI)a2»tidiiie-2R-<:arto acid hydroxyamide; 
l-(4-methoxy-3-tiifluoromethoxybeiizoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(3-propylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-<3-allylbenzoyl)azetidiiie-2R-carboxylic acid hydroxyamide; 
l-(4-aUyloxy-3-trifluoromethoxybenzoyI)azetidiiie-2R-carboxylic acid hydroxyamide; 
l-(3-trifluoromethylben2oyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-[3>4-dimethoxy-S-(3-methoxypropyl)beDzoyI]azetidine-2RH;arboxyUca^^ 
hydroxyamide; 

l*[3-(3«^oxypropyl)-4,5-dimethoxybenzoyl]azetidine-2R-<»rboxy acid hydroxyamide; 

l-(3-allyl-4,5-dimethoxybenzoyl)a2etidine-2R-carboxylic acid hydroxyamide; 

l-(3-birtyl-4^-dimethoxybeiizoyl)azetidine-2R"Carboxylic acid hydroxyamide; 

l-[3,4Klimethoxy-5-(3,3,3-trifluoiopropyl)benzoyl]a2etidin 
hydroxyamide; / 

1 «(3Hlimetfaylcarbamoyhnethyl-4j5-dimetfaoxybenzoyl)azetidine^ acid 
hydroxyamide; 

l-(3,5-dibromo-4-methoxybeiizoyl)azetidiiie-2R-carboxylic acid hydroxyamide; 
l-(3-iodo-4,5-dimethoxybenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-[3-(3-fliK}ropropyl)-4,5-dimethoxybenzoyl]azetidine-2R-carboxyU^ acid hydroxyamide; 
l-(3-trifluoromethylHiiobenzoyI)azetidine-2R-carboxylic acid hydroxyamide; 
l-(4-trifluorometiiylthiobenzoyl)azetidine-2R-carboxyiic acid hydroxyamide; 
l-(3-trifliioromethanesiilfiiiylbenzoyl)azetidine-2R-carboxyU^ acid hydroxyamide; 
l-[3-(l-fluoropropyl)-4,5-dimethoxyben2»yl)a2etidine-2R-carboxylic acid hydroxyamide; 
l-(3-ethynyl-4,S-dime&oxybenzoyI)azetidine-2R-carboxylic acid hydroxyamide; 
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l-(4-methyltfaioO-trifluoiometihioxybenzoyl)azetidm acid hydroxyamide; 

l-(4-methoxy-3-propylben2oyl)azetidiiie*2R^5arboxylic acid hydroxyamide; 
l-[3-(2,2^-trifluoroetfaylthio)benzoyi]azetidine-2RK5arboxylic acid hydroxyamide; 
l-(3-pentafluoroethyllliiobenzoyI)azetidine-2R-carboxylic acid hydroxyamide; 
l'-(3,5-diaUyl-4-methoxybenzoyl)azetidine-2R-carboxyIic acid hydroxyanude; 
l-(3-trifluoromethoxy-4-melhoxy-5-propylben2oyl)azetidine-2R- carboxylic acid 
hydroxyamide; 

1 •<3-bromo-4,5-dimethoxybenzoyl)a2etidine-2R-carboxylic acid hydroxyamide; 
l-(3,4-dimethoxy-5-prop-l-yttyIbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-[3,4-<limethoxy-5-(2,2,2-trifliioix)e11ioxy)ben2oyl]a2e^^ 
hydroxyamide; 

l-(4-methoxy-3,5-dipropylbeiizoyl)a2etidin&-2R-carboxylic add hydroxyamide; 
l-(3-methoxy-5-propylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(4-methoxy-3-tri£luoromethylthiobeim>yl)a2etidine-2R-Kiarb acid hydroxyamide; 
l-[3<l»2^,2-tetrafluoro-l-trifluoromethylelhylthio)ben2X) 
hydroxyamide; 

l-(3,5-bis-trLQuoromethylt3hiobenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(3-methoxy-5-trifluoromethyhhiobcnzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-<4-methoxy-3-propyl-5-trifluoromethylthiobenzoyl)azetidine^^ 
hydroxyamide; 

l-(3»4slimethoxy-S-lTifluoromethyltMoben2oyl)azetidine-2R-^ acid 
hydroxyamide; 

1 -(3,4-dimethoxy-5-trifluorQmethylthiobmz»yl)-4S-fluoropyr^ acid 
hydroxyamide 

l-(3,4Kiimethoxy-5-trifluoromethyltMobenzoyl)-4S-hydn)xj^y^ 
acid hydroxyamide 

l-(3»4Hiimethoxy-5-lJritfluorome%ithiobenzoyl)-4R-^^ 
acid hydroxyamide 

H3,4-dimethoxy-5-trifluoromethyltMobenzoyl)-4R-fluoropyn» 
hydroxyamide 

l-(3-trifluoromethylthioben2oyl)pyrrolidine-2R-carboxylic acid hydroxyamide 
l-(3-methoxy-5-trifluoromethylthiobenzoyl)pyrroUdine-2R'K^ acid hydroxyamide 
l-(4-methoxy-3-trifluoromethyithiobenzoyl)pynx)Udine-2RK:arboxy^ acid hydroxyamide 
1 <4-methoxy-3-propyl-5-trifluoromethylthiobeixroyl)pyrroUdine-2R acid 
hydroxyamide 
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l-(3,4-dimethoxy-5-trifluoromethyltMobenz»yl)-p add 
hydtoxyamide 

l-(3,4-dimethoxy-5-trifluoromethyIthiobenzoylH 
carboxylic acid hydroxyamide 

l-(3,4-dimethoxy-5-tri£luoromethylsufanyl-benzoyl^ 
pyrrole-2R-carboxylic acid hydroxyamide 

l-(3,4-dimethoxy-5-trifluon)methylthiobeii2Dyl)-^^ 

carboxylic acid hydroxyaroide 

l-(3,4Klimetho3«y-5-trifluoiX)meihyithiobenz»y 

add hydroxyamide 

l<3,4-dimethoxy-5-trifluorome%lthiobenzoylHSKnapht^ 

carboxylic acid hydroxyamide 

4S-(biphenyl-4-yloxy)-l-(3,4-dimethoxy-5-trifluoromethyltMobem^ 

, carboxylic acid hydroxyamide 

4R-(biphenyl-4-yloxy)-l-(3,4Hiimethoxy-5-trifliiorom^^ 
carboxylic acid hydroxamide 

l<4-aUyloxy-3-trifluorome%lthiobenzoyl)azetidine«2R-<arbG^^ add hydroxyamide 
l-<4-pn>poxy-3-trifluoromethylfhiobenzoyl)azetidine-2R-^ acid hydroxyamide 

1 -(4-bxit-3-enyloxy-3-tri£luoromethylthiobeiizoyl)azetidine-2R-carbo acid 
hydroxyamide 

l-(4-butoxy-3-trifluoromeAyltMoben2oyl)a2«tidine-2RK)arbox acid hydroxyamide 
1 -[4-(3-methyl-but-2-enyloxy)-3-trifluoromethyllWobenzoyl]azetidm acid 
hydroxyamide 

l.{4-[2.(3.fliioiophenyl)ethyl]-3-tri£luoromethylthiobenzoyl}azetidi^ 
hydroxyamide 

1^4.pentyl-3-1rifluoromethylthiobenzoyl)azetidine-2R-carboxyH^ acid hydroxyamide 
l-[3-trifluoiomeihyltWo-4-(trimethylsilanylethynyl)bei^ 
hydroxyamide 

l-(4-^ynyl-3-trifluoromethylthiobeiizoyl)a2etidine-2R-carb acid hydroxyamide 
l-(4sallyl-3-trifluoromethylihioben2»yl)azetidine-2R-<^ acid hydroxyamide 
l-(4-propylO-tri£luoromethyltMobenzoyl)azetidine-2R-carboxy^ acid hydroxyamide 
l"(4-methoxy-3-trifluorome%lthiobeiizyl)a2Ktidine-2RKOTboxyU^ acid hydroxyamide 
l-(3,4-<iimethoxy-5-trifluoroethyltMoben2yI)aze^ add hydroxyamide 

l*(3-trifluoromethylthiobeBzyl)azetidiae-2R"Carboxylic acid hydroxyamide 
l-(3-trifluoromethyltfaio*4-vinylbeiizoyl)azetidine-2R-carboxyU^ add hydroxyamide 
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l-(4-efhylO-trifiuoiomethylthioben2x>yl)azetid^ add hydroxyamide 

l-(4-prop-2-ynyloxy-3-trifluorome%l±ioben2oyl)azBti acid 
hydroxyamide 

1 -(3-trifluon)metiioxy-4-trifluoiomethyltMobe^ acid 
hydroxyamide 

H4-ethoxy-3-trifluoromethylthioben2oyi)azetidiiie-2R-carboxylic acid hydroxyamide 
l-[4<2,2^-trifluoroethoxy)-3-trifluoromethylthioben2X)yl]-a^ 
hydroxyamide 

(i)-traiis-l-(3,4-dimethoxy-5-propyibenzoyi)-3-ethylaz»tidin^^ 
hydroxyamide 

l-<5,6-dimethoxybiphenyI-3-<:arbonyl)azetidine-2R-carboxylic acid hydroxyamide 
l-[3-(3-fluorophenylethynyl}4^-dimethoxybenzoyl]azetidine-^^ 
hydroxyamide 

l-(3-trifluorome1hoxy-4-vinylbeiizoyl)azetidine-2R-K:arbo^ acid hydroxyamide 
l-(4-ethyI-3-trifluoromethoxybenzoyi)azetidine-2R-carboxylic acid hydroxyamide 
l-(4-beiizyloxy-3-trifluoromethylthiobeBzoyl)-azetidine-2RKarto acid 
hydroxyamide; 

1 -(3,4-dimetho)qr-5-trifluoromethylthiobenzoyl)-4,4-difluoro^ 
acid hydroxyamide; 

and pharmaceutically acceptable salts thereof as well as any and all tautomers thereof 
[0020] In another aspect, this invention provides pharmaceutical compositions comprising 

a pharmaceutically acceptable carrier and a dierapeutically effective amount of the compoimds 
defined herein. The pharmaceutical compositions of the present invention may further comprise 
one or more additional antibacterial agents, one of which may be active against gram positive 
bacteria. One of which may also be active against gram negative bacteria. 

[0021] Tn one of its method aspects, tius inv^on is directed to a method for ttte treatment 
of amiax>bial infection in a mammal coniprising administering to fhe mammal a therapeutically 
efifective amoimt of a compound of this inventioa The compound of this invration may be 
administered to the mammal orally, parenterally, tiansdeimally, topically, rectally, or mtranasally 
in a pharmaceutical composition. 

[0022] In another of its method aspects, this invention is directed to a method for the 

treatment of a miciobial infection in a mammal comprising administering to the mammal a 
pharmaceutical composition comprising a therapeutically effective amount of a compound of tius 
invention. Hie pharmaceutical con^osition may further one or more additional antibacterial 
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agents, one of which may be active against gram positive bacteria. One oivfiach may also 6e 
active against gram negative bacteria 

[0023] The phannaceutical composition may be administered to the mammal orally, 

parenterally, transdermally , topically, rectally, or intranasally. 

[0024] In a pi:efened embodiment, the infection is a gram negative in^^ In an 

additional embodiment, the infection may be a gram positive infection. 

[0025] In yet another aspect, Ifae present invention provides novel intennediates and 

processes for preparing compounds of fimnula I-VI. 

DETAILED DESCRIPTION OF THE INVENTION 
[0026] As described above, this invention relates to N-hyditoxyamide derivatives which 

inhibit LpxC and as a result, have gram negative antibacterial activity. However, prior to 
desoibing this invention in fiirther detail, the following terms will first be defined. 

nefinitinng 

[0027] Unless otherwise stated, the following terms used in the specification and clauns 
have the meanings given below: 

[0028] ''Halo" means fluoio, chloro, bromo, or iodo. 

[0029] **Nitro" means the group -NO2. 

[0030] *THydioxy" means the groiq) -OH. 

[0031] ''Alkyr means a linear saturated monovalent hydrocarbon radical of one to eight 

carbon atoms or a branched saturated monovalent hydrocarbon radical of three to eight carbon 
atoms. Examples of alkyl groups mclude, but are not Umited to, groups such as m^yl, ethyl, n- 
propyl, isopropyl, «-butyl, isobutyl> sec-butyl, /-butyl, n-pentyl, and the like. 

[0032] "Alkylene" means a linear divalent hydrocarbon group of one to eight carbon 

atoms or a branched divalent hydrocarbon group of three to eight carbon atoms. Examples of 
alkylene groups include, but are not limited to, methylene, ethylene, 2-methylpropylene, and the 
like. 
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(0033] "AlkeDyl" means a linear Dnsatuiated monovalent hydrocatbon radical of two to 
eight caibon atoms or a branched monovalent hydrocarbon radical of three to eight carbon atoms 
containing at least one double bond, (-C=C-). Examples of alkenyl groups include, but are not 
limited to, allyl, vinyl, 2-butenyl, and the like. 

[0034] "^Alkynyl'^ means a linear monovalent hydrocarbon radical of two to eight carbon 

atoms or a branched monovalent hydrocarbon radical of three to eight carbon atoms containing at 
least one triple bond, (-OC-). Examples of alkynyl groups include, but are not limited to, 
efliynyl, propynyl, 2-butynyl, and the like. 

[0035] '^Alkynylene'' means a linear divalent hydrocarbon radical of two to eight carbon 
atoms or a branched monovalent hydrocarbon radical of three to eight caibon atoms containing at 
least one triple bond, (-OC-). Examples of alkynylene groups include, but are not limited to, 
ethynylene, propynylene, and the like. 

[0036] '"Alkylsilylalkynyl" means the group (all^QsSi-alkynylene- vdieie alkyl and 

alkynylene are as defined above. 

[0037] 'Haloalkyr means an aOgrl substituted with one or more, preferably one to |S, of 

the same or different halo atoms. Examples ofhaloalkyl groups include, for exanqple, 
trifluoromethyl, 3-iluoropropyl, 2,2-dichloroethyl, and the like. 

[0038] '"Hydroxyalkyr refers to an alkyl substituted with one or more -OH groups 

provided that if two hydroxy gix)u|>s are present Ihey are not both on flie same carbon atont 
Examples of hydroxyalkyl gro\q)s include, for example, hydroxymeOiyl, 2-hydroxyetfayl, 2- 
hydioxypropyl, and the like. 

[0039] "Alkylthio*' refers to the group "alkyl-S-** where alkyl is as 4efined above and 

which includes, by way of example, methylthio, butylthio, and the like. 

[0040] ''Alkylsulfinyr refers to flie group ""alkyl-SCOK where alkyl is as delSned above 

and v^ch includes, by way of example, methyl-S(0>, butyl-S(0>, and the like. 
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[0041] "Alkylsulfonyl" refers to the groiq> "alkyl-S(0)2-" where alkyl is as defined above 

and which mcludes, by way of example, methyI-S(0)2-, butyi-S(0)r, and the like. 

[0042] "Alkoxy" refers to the groiQ) '"alkyl-O-", wherein alkyl is as defined above, and 

which includes, by way of example, methoxy, ethoxy, n-propoxy, wo-propoxy, n-butoxy, tert- 
butoxy, j^c-butoxy, w-pentoxy, «-liexoxy, i;2'Klimethylbntoxy, and tihe like. 

[0043] ''Alkoxyalkyi*' refers to the group '"-aO^lene-O-alkyr \^ere alkylene and alkyl 
are as defined herein and which includes, by way of exaaq>le, 2-propoxyethylene, 3- 
methoxybutylene, and the like. 

[0044} "Alkenoxy" refers to the group "alkenyl-0-** where alkcnyl is as defined herein 

and v^ch includes, by way of example, allyloxy, vinyloxy, 2-butenyloxy, and Ihe like. 

[0045] "Alkenoxyalkyl" refers to the group "alkenyl-Oalkylene" where alkenyl and 

alkylene are as defined herem and which mcludes, by way of ^cample, 3-allyloxy-propylene^ 2- 
(2-propenyloxy)ethylene, and the like. 

[0046] ^Alkynyloxy^' refers to the gn>iq> ""alkynyl-O-" \^ere allsynyl is as defined herein 
and which includes, by way of example, propargyloxy and the like. 

[0047] "Arylalkoxyalkyl" refers to the group "aryl-alkoxy-alkylene-" aryl, alkoxy 

and alkylene are as defined herein. 

[0048] •'Haloalkox/' refers to the groiq) "haloalkyl-O-** where haloalkyl is as defined 

herein and \siuch includes, by way of example, trifluoromethoxy, 2,2-dichloroethoxy, and the 
like. 

[0049] ''HaloalkyKhio'' refers to the group ''baloalkyl-S-'' where haloalkyl is as defined 
herein and which includes, by way of example, trifluoromefhylthio, 2^-difluoropropyl1hio, 3- 
chloropropylthio, and the like. 
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[0050] *Haloalkyl-sulfinyr* refers to the group "haloalkyl-S(0>" where haloalkyl is as 

defined herein and which includes, by way of example, trifluoromethanesulfinyl, 2,2- 
dichloroethanesuifinyl, and the like. 

[0051] ^THaloalkyl-sulfonyl" refers to the group *1ialoalky]-S(0)2-" where haloalkyl is as 

defined herein and wdiich includes, by way of escample, trifluoiomethanesulfinyl, 2,2- 
dichloroethanesulfinyl, and the like. 

[0052] "Ammo" refers to tiie group "-NRaRb" v*erein Ra and Rb are independently H, 

alkyl, haloalkyl, alkmyl, cycloalkyl, aryl, substituted aiyl, heteroazyl, or substituted hetm>ar]d 
\\toe each of alkyl, haloall^l, alkenyl, cycloalkyl, ar^, substituted aryl, heteroaryl, and 
substituted heteroaryl are as defined herein. 

[0053] "Carbonyr means the group "-C(0>." 

[0054] "Garboyxl" refers to -COOR where R is hydrogen, alkyl, aiyl, heteroaryl and 

heterocyde or salts thereof. 

[0055] ''Carboxylamide'' refers to -<:(0)NR^''A;Aerem^ 

alkyl, haloalkyl, alkenyl, cycloalkyl, aryl, substituted aryl, heteroaryl, or substituted heteroaryl . 
where each of alkyl, haloalkyl, alkenyl, cycloalkyl, ai^, substituted aryl, heteroaryl, and 
substituted heteroaryl are as defined herein. 

[0056] "Acylox/' means the group -C(0)R* wherein R' is alkyl, alkenyl, alkynyl, aryl, 
substituted aryl, heteroaryl, or substituted heteroaryl where alkyl, alkenyl, alkynyl, aryl, 
substituted aryl, heteroaryl, or substituted heteroaryl are as defined herein. 

[0057] "Cycloalkyr* means a cyclic saturated hydrocarbon group of 3 to 8 ring atoms, where one 
or two of C atoms are optionally replaced by a carbonyl group. The cycloalkyl group may be 
optionally substituted with one, two, or three substituents, preferably alkyl, aU^nyl, halo, 
hydroxy!, cyano, nitro, alkoxy, haloalkyl, alkenyl, and alkenoxy as tiiese terms are defined herein. 
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Rqjresentative examples include, but are not limited to, cyclopxopyl, cyclohexyl, cyclopentyl, and 
the like. 

[0058] '*Cycloalkylalkyr means a group -RoRd where R© is an alkylene group and Rd is a 
cydoalkyl group, as dejBned above. Examples include, but are not limited to, 
cyclopropylmetfaylene, cyclohexylediylene, and the like. 

(0059] '^Aryr* means a monovalent monocyclic or bicyclic aromatic carbocyclic ffojxp of 6 to 14 
ting atoms. Examples uxclude, but are not limited to, phenyl, naphthyl, and anthryl. Hie aryl ring 
may be optionally fused to a S-, 6-, or 7HEnembered monocyclic non-aiomatic ring optionally 
containing 1 or 2 heteroatoms independently selected fix>m oxygen, nitrogen, or suUur, the 
ranaining ring atoms being C viiere one or two C atoms are optionally replaced by a carbonyl. 
Such fused ring systems are referre to herein as ""cyclic moiety containing a total of 4, 5, 6, or 7 
ting atoms." Representative aryl groups with fused rings include, but are not limited to, 2,5- 
dihydro4)enzo[&]oxepine, 2,3-dihydrobenzo[l,4]dioxan6, chroman, isochroman, 2,3- 
dihydrobenzoiuran, l,3-dihydroisobenzofuran,benzo[13]dioxole, 1,2,3,4-tetrahydroisoqumoline, 
1,2,3,4-tetrahydroquinoline, 2,3-dihydro-lHindoIe, 2,3-dihydrolH-isoindle, be n zimi da zole-2-ane, 
2-H-benzoxazol-2-one, and fhe like. 

[0060] ^'Substituted aryl" means an aryl ring substituted with one or more substituents, 

preferably one to three substituents selected fix)m the gxo\xp consisting of alkyi, alkenyl, alkynyl, 
halo, alkoxy, acyloxy, amino, hydroxyl, carboxy, cyano, nitro, and alkylthio as these terms are 
defined hereia The aryl ring may be optionally fused to a 5-, 6-, or 7-membered monocyclic non- 
aromatic ring optionally containing 1 or 2 heteroatoms independently selected firom oxygen, 
nitrogen, or sulfur, the remaining ring atonis being C where one or two C atoms are optionally 
replaced by a carbonyl. 

[0061] "Heteroaryr means a monovalent monocyclic or bicycUc aromatic radical of S to 10 ring 
atoms contaming one, two, or three ring heteroatoms selected fiom N, O, or S, the remaining ting 
atoms being C. Representative examples include, but are not limited to, thienyl, benzothienyl, 
pyridyl, pyrazinyl, pyrimidinyl, pyridazmyl, quinolinyl, qumoxalinyl, imidazolyl, fliranyl, 
benzofuranyl, tfaiazolyl, isoxazolyl, benzisoxazolyl, bemrimidazolyl, triazolyl, pyrazolyl, pyrrolyl, 
indolyl, 2-pyridonyl, 4-pyridonyl, N-alkyl-2-pyridonyl, pyrazinonyi, pyridazinonyl, 
pyrimidinonyl, oxazolonyl, and the like. 
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[0062] "Substituted heteroaryl" means a heteroaryl ring substituted with one or more substituents, 
preferably one to three substituents selected from the group consisting of alkyl, alkenyl, alkynyl, 
halo, alkoxy, acyloxy, amino, hydroxy!, carboxy, cyano, nitro, and alkylthio as these terms are 
defined herein. 

[0063] "Aryloxy" means a group "-0-Ar^' where Ar is an aryl group or substituted aiyl 
groiQ) as these terms are defined heiem. Examples include, but are not limited to, benzyloxy, 4- 
trifluorome&yl-ben^loxy, and the like. 

[0064] ^Arylalkoxy*' means a group ''-O-alkylene-Af ' v/bere Ar is an aryl group or 
substituted aryl group as defined herein and alkylene is as also defined herein. Examples mclude, 
but are not limited to, 2-(phmyl)ethoxy, 3-07henyl)propoxy, and Ihe Hks. 

[0065] "ArylaUcoxyalkyl" means a group "-alkylene-O-alkylene-Af where Ar is an aryl 

group or substituted aryl group as defined herein and each alkylene is independently selected from 
the other, wdierein alkylene is as also defined herein. Examples include, but are not limited to, 
benzyloxy-propylene, benzyloxy-ethylene, and the like, 

[0066] ^'Aminocarboxyalkyr means a group ''-RcC(0)NRaRb'' where Rc is an alkylene 
group as defined herein and Ra and Rb are as defined above. 

[0067] **Haloarylalkyr* means the group ''aryl-alkylene-^ having 1 to 6 halo substituents 
on either the aryl and/or the alkylene groups where aiyl and alkylene are as defined herein. 

[0068] "Haloarylalkenyr* means the group "aryl-alkenylene-" having 1 to 6 halo 

substituents on either the aryl and/or the alkenylene groups where aryl and alkenylene are as 
defined herein. 

[0069] *'Haloarylalkynyr* means the group "aryl-alkynylene-** having 1 to 6 halo 
substituents on either the aryl and/or the alkynylene groups where aryl and alknyylene are as 
defined herein. 
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[0070] "Heterocycle" or ^^heterocyclic" refers to a saturated or unsaturated group having a 

single ring or multiple condensed rings, from 1 to 10 carbon atoms and from 1 to 4 heteroatoms 
selected firam the group consisting of nitrogen, sulfur, or oxygen within the ring, wherein, in fused 
ring systems one or more of the rings can be aryl or heteroaryl as defined hereia Examples of 
heterocycles and heteroaiyls include, but are not limited to, azetidine, pyrrole, imidazole, 
pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole, dihydioindole, 
. indazole, purine, quinolizine, isoqumoline, quinoline, phthalazine, naphthylpyridine, qxiinoxaline, 
quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, phenanthroline, 
isothiazole, phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine, imidazoline, 
piperidine, pipemzine, indoline, phthalimide, 1,2,3,4-tetrahydro-isoquinoline, 4,5,6,7- 
tetrahydrobenzo[b]thiophene, thiazole, thiazolidine, thiophene, benzo[b]thiophene, morpholinyl, 
thiomorpholinyl (also referred to as thiamorpholinyl), piperidinyl, pyrrolidine, tetrahydrofiiranyl, 
andthelike* 

[0071] Heterocycles may be optionally substituted with from one to three substituents 

selected from the groiq) consisting of alkyl, alkenyl, alkynyl, halo, alkoxy, acyloxy, amino, 
hydroxyl, carboxy, cyano, nitio, and alkylthio as these terms are defined herein. 

[0072] ^Optional" or "optionally** means that the subsequently described event or 

circumstance may, but need not, occur, and that the description includes instances where the event 
or circumstance occurs and instances in which it does not For example, "aiyl group optionally 
mono- or di- substituted with an alkyl group" means that the alkyl may but need not be present, 
and the description includes situations where the aryl group is mono- or disubstituted with an 
allqrl group and situations where ihe aryl ffoxxp is not substituted with the alkyl group. 

[0073] A "^harmaceutically acceptable carrier^ means a carrier that is useful in preparing 
a pharmaceutical composition that is generally safe, nor^toxic and neither biologically nor 
otherwise undesirable, and includes a carrier that is acceptable for veterinaiy use as well as human 
pharmaceutical use. pharmaceutically accq)table carrier" as used in the specification and 
claims includes both one and more tiian one such carrier. 
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{0074] A '^phannaceutically acceptable salf* of a compound means a salt that is 

phannaceutically acceptable and that possesses the desired pharmacological activity of the parent 
compound Such salts include: 

(1) acid addition salts> fisrmed with inorganic acids such as hydrochloric acid, 
hydrobromic acid, sulfuric add, nitric acid» phosphoric acid, and the like; or formed with organic 
adds such as acetic add, propionic add, hexanoic acid, cyclopentanepropionic acid, glycolic acid, 
pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric 
add, dtric add, benzoic acid, 3-(4-hydroxybenzoyl)benzoic add, cinnamic acid, mandelic acid, 
medianesulfonic add, etfaanesulfonic add, 1,2-ethanedisulfoiiic acid, 2-hydroxyedianesulfonic 
add, benzenesulfonic add, 4-chlorobenzenesulfQnic acid, 2-naphtiialenesulfonic add, 4- 
toluenesulfonic add, camphorsulfonic acid, 4rmediylbicyclo[2.2^]oct-2-ene-l-carboxylic acid, 
glucoheptonic acid, 4,4'-methylenebis-<3-hydro:!^-2-ene-l-carboxylic acid), 3-phenylpropionic 
acid, trime&ylacetic add, tertiary butylacetic add, lainyl sulfuric add, gluconic acid, glutamic 
acid, hydroxynaphthoic add, salicylic acid, stearic acid, mucooic acid, and the like; or 

(2) salts formed when an acidic proton present in the parent compound dther is replaced 
by ametal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates . 
whfa an organic base such as ethanolamine, diethanolamine, triethanolamine, tromethamine, N- 
mediylglucamine, and the like. 

[0075] *Treating" or ^'treatment'* of a disease includes: 

(1) preventing the disease, ie. causing ibe clinical symptoms of fte disease not to develop 
in a ipamnifll that may be exposed to or predisposed to the disease but does not yet experience or 
display symptoms of the disease, 

(2) inhibiting the disease, i.e., anesting or reducing the development of the disease or its 
clinical symptoms, or 

(3) relieving the disease, i.e., causing regression of the disease or its dinical symptoms. 

[0076] A ^therapeutically effective amounf ' means the amount of a compound or mixture 

of compoimds that, when administered to a mammal for treating a disease, is suflBcient to effect 
such treatment for the disease. The 'therapeutically effective amount" will vary depending on the 
compound, the disease and its severity and the age, weight, etc., of the mammal to be treated. 

[0077] **Pro-drugs" mean any compound which releases an active parent drug according to 
a compound of the subject invention in vivo when such prodrug is administered to a mammalian 
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subject. Prodrugs of a compoiind of the subject invention are prepared by modifying functional 
groups present in a compound of the subj«:t invention in such a way that the modifications may 
be cleaved in vivo to release the parent compound. Prodrugs include compounds of the subject 
invention wherein a hydroxy, sulfhydryl or amino group in the compound is bonded to any group 
that may be cleaved in vivo to regenemte the free hydroxyl, amino, or sulfhydryl group, 
respectively. Examples of prodrugs include, but are not limited to Ci-Cio esters (e.g., acetate, 
formate, and benzoate derivatives), carbamates (e.g., N,N-alkylaminocarbonyl) of hydroxy 
functional groups in compounds of the subject invention, and the like. 

10078] Hie term ^^tomers** refers to herein as a constitutional isomer in which migration 
of a hydrogen atom results in two ore more structures. As an example of one potential tautomer, 
the N-lordro3^amide may tautommze to form a 1^-dihydroxyimine. **ADD STRUCTURE*** 

[0079] The term '^nammal" refers to all mammals including humans, livestock, and 
companion animals. 

[0080] The compounds of the present invention are generally named according to the 

lUPAC or CAS nomenclature system. Abbreviations which are well known to one of ordinary 
skill in the art may be used (e.g. "Ph" for phenyl, "Me" for methyl, "Ef * for ethyl, for hour or 
hours and **rt'' for room temperature). 

General Synthetic Schemes 

[0081] Compounds of this invention can be made by the methods depicted m fte reaction 
schemes shown below. 

[0082] The starting materials and reagents used in preparing these conqpounds are dther 
available from commercial suppliers such as Toranto Reseaidi Chemicals (Nordi York, ON 
Canada), Aldrich Chemical Co. (Milwaukee, Wisconsm, USA), Bachem (Torrance, Califomia, 
USA), Emka-Chemie, or Sigma (St. Louis, Missouri, USA) or are prepared by methods known to 
^se skilled in the art following procedures set forth in references such as Fieser and Fieser's 
Reagrats for Organic Synthesis, Volumes 1-15 (John Wiley and Sons, 1991), Rodd's Chemistry 
of Carbon Compounds, Volumes 1-S and Supplementals (Elsevier Science Publishers, 1989), 
Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March's Advanced Organic 
Chemistry, (John Wiley and Sons, 4lk Edition), and Laiock's Comprehensive Organic 
Transformations (VCH Publishers Inc., 1989). these schemes are merely illustrative of some 
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methods by which the compounds of this invention can be synthesized, and vanous modifications 
to these schemes can be made and will be suggested to one skilled in the art having referred to this 
disclosure. 

[0083] As it will be apparent to those skilled in the art» conventional protecting ffoxxps 
may be necessary to prevent certain functional groups fix}m undergoing undesired reactions. 
Suitable protecting groups for various functional groups, as well as suitable conditions for 
protecting and deprotecting particular fimctiongix)iq)S axe \^ Forexample^ 
numerous {urotecting groups are described in T.W. Greene and O.M. Wuts, Protecting Groups in 
Organic Synthesis, Second Edition, "^ey. New York, 1991, and references cited therein. 

[0084] The starting materials and the intermediates of the reaction may be isolated and 
purified if desired using conventional techniques, including but not limited to filtmtion, 
distillation, crystallization, chromatography, and the like. Such materials may be characterized 
using conventional means, including physical constants and spectral data 

[0085] The compounds of this invention will typically contain one or more chiral centers. 

Accordingly, if desired, such compounds can be prepared or isolated as pure stereoisomers. All 
such stereoisomers (and enriched mixtures) are mcluded within the scope of this invention, unless 
otherwise indicated. Pure stereoisomers (or enriched mixtures) may be prepared using, for 
example, optically active starting materials or stereoselective reagents well-known in the art. * 
Alternatively, racemic mixtures of such compounds can be separated using, for example, chiral 
column chromatography, chiral resolving ^ents, and the like. 

Preparation of Compounds of Formula CD 

[0086] Compounds of Formula CO prepared as described in Schemes 1 - S below. 

[0087] In general, a compound of Formula (I), (II), or (HI) wherem Z is C(0), is H, 
is H and R^, if present, is H, can be prepared as illustrated and described in Scheme 1 below. 

[0088] Scheme 1 
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ivherein (X)n Ax corresponds to (Xi-)(X2-)(X3-)(X4->Ar- as used in Formula I, n and m 

above. 

[0089] As shown in Scheme 1 , to a stirred suspension of azetidine-carboxylic acid ( 1 ) (or 

pyrrolidine-carboxylic acid) in methanol is added thionyl chloride or thionyl bromide. The 
carboxylic acids are commercially available from vendors such as Aldrich, Sigma, Toranto 
Research Chemicals, etc. Alternately these carboxylic acids can be prepared by methods well 
known in the art. The addition is typically carried out at low temperatures, e.g., O^'C, and after the 
addition, the reaction is allowed to warm to ambient temperatures, e.g., about 2S^C. The addition 
provides the carboxylic acid methyl ester (2) as a salt 

[0090] The carboxylic acid mefliyl ester (2) is then condensed with an optionally 
substituted benzoic acid (XitAiCOt^ under reactive conditions, preferably in an inert organic 
solvent, in the presence of a coiipling reagent and an organic base to provide an amide (3)« lliis 
reaction can be performed with any number of blown coupling reagents, such as 0-(7- 
azaben2x>triazol-l-yl>N,N,N'^'-tetrame%luroiiiumhexafluorophosp^ (HATU), 1- 
hydroxybenzotriazole hydrate (HOBT), carbodihnides, diphenylphosphoryl azide (DPPA), and 
the like. Suitable o^anic bases include diisopropylethylamine (DOBA), triethylamine (TEA), 
pyridine, N-methyl morpholine, and the like. Suitable inert organic solvents which can be used 
include, for example, N J^-dimethylformamide, acetonitrile, dichloromethane, and the like. This 
reaction is typically conducted using an excess of carboxylic acid methyl ester to benzoic acid at 
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temperatures in the range of abo\it O^C to about SO°C. The reaction is continued until completion, 
v^ch typically occurs in from about 2 to 12 hours. 

[0091] The amide (3) is then converted to the N-hydroxyamide derivative of this invention 
by treatment with aqueous hydroxylamine (e.g., aqueous 50% hydroxylamine) in a polar organic 
solvent sudi as dioxane and the like. The reaction is carried out at ambient temperature for about 
2 to 6 hours. 

[0092] Alternatively, a coixipound of Formula G), (n)> and (HI) wherein Z is C(OX is 
H, is H, and R^, if present, is H can be prepared as illustrated m Scheme 2 below. 

[0093] Scheme 2 




I 



[0094] As shovm in Scheme 2, to a stirred suspension of azseddine-carboxylic acid (1) (or 

pynolidine-catboxylic acid) is added a solution of di-/-bu1yldicarbonate (B0C2O) in the presence 
of an organic base to provide a Boc-protected amino compound (4). The carboxylic acids are 
commercially available from vendors such as Aidrich, Sigma, Toranto Researdi Chemicals^ etc. 
Alternately these carboxylic acids can be prepared by methods well known in the art The 
addition is typically carried out in an inert organic solv^ such as dichlorometibane, dioxane, 
tetzahydioiuran (THF), and the like, at low temperatures, e.g., O^C. Suitable organic bases include 
TEA, pyridine, and the like. After the addition, the reaction mixture is continued stirring at low 
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•Ml* «^ « t 

temperature and is then quenched with a saturated aqueous acidic solution to provide the Boc- 
protected compound (4). 

[0095] The Boc-protected compound (4) is then condensed with Obenzyl hydroxylamine- 

hydrochloride under reactive conditions, preferably in an inert organic solvent, in the presence of 
a coupling reagent and an organic base to provide a benzyloxyamide (not shown). This reaction 
can be performed with any number of known coupling reagents, such as HATU, HOBT, 
carbodiimides, DPPA, and the like. Suitable organic bases include DBEA, TEA, pyridine, N- 
methyl moipholine, and the like. Suitable inert organic solvents which can be used include, for 
example, N,N-dimethylfoimamide, acetonitrile, dichloromethane, and the like. This reaction is 
ty[ncally conducted using an excess of 0-benzyl hydroxylaminehydrochloride to Boc-protected 
compound (4) at temperatures in the range of about OX to about 50^C. The reaction is c(mtinued 
until completion, vduch typically occurs in fix)m about 2 to 12 hours. 

[0096] The benzyloxyamide is then contacted with an acid to remove the t-butoxycarbonyl 
protecting group (Boo). Removal of the protecting group may be carried out with acids, such as a 
trifluoroacetic acid (TFA), hydrochloric acid, jT-toluenesulfonic acid, and the like, in an inert 
organic solvent such as dichlorometihane, dioxane, THF, and tiie like. The removal is typically 
conducted at low temperatures, e.g., OX, and then gradually allowed to warm to room 
temperature to provide the benzylo^amide acid salt (not shown). 

[0097] The benzyloxyamide acid salt is then condensed with an optionally substituted 

benzoic acid (XtrAxCOzH) under reactive conditions, prefembly in an inert organic solvent, in the 
presence of a coupling reagent and an organic base to provide an amide (5). This reaction can be 
performed with any number of known coupling reagents, such as HATU, HOBT, carbodiimides, 
DPPA, and the like. Suitable organic bases include DIEA, TEA, pyridine, N-melhyl morpholine, 
and tibe like. Suitable inert organic solvents which can be used include, for example, NJK- 
dimethylformamide, acetonitrile, dichloromethane, and the like. This reaction is typically 
conducted using an excess of benzyloxyamide to benzoic acid at temperatures in the range of 
about 0°C to about 50*^0. The reaction is continued until completion, which typically occurs in 
from about 2 tol2 hours. 

[0098] Compound (S) is then converted to the N-hydroxyamide derivative of Formula (I) 
by hydrogenation to remove the benzyloxy protectiag group (OBz). Deprotection is carried out in 

29 



wo 2004/007444 



PCTAJS2003/021838 



a polar organic solvent such as methanol. The hydrogenatibn is carried out at lb the presence of a 
palladium (II) catalyst or palladium on carbon under hydrogen atmosphere. The hydrogenation 
conveniently may carried at ambient temperatures in about 30 minutes to 2 hours. 

[0099] Alternatively, a compound of Formula (T) wherein Z is -GHz-, is H, and is H can be 
prepared as illustrated in Scheme 3 below. 




[00101] As shown in Scheme 3, to a stirred suspension of optionally substituted benzoic 
add (6) in an inert organic solvent is added a reducing e^ent to provide an optionally substituted 
benzyl alcohol (7). The optionally substituted benzoic acids ate commercially available fix>m 
vendors such as Aldrich, Sigma, etc. Alternately, these benzoic acids can be prepared by methods 
well known in the art Suitable reducing agents for reduction of (he carboxylic acid to the alcohol 
include diisobutylalummum hydride (DDBAH), LiAlH4, and B2H6. The reduction is typically 
carried out in an inert organic solvent, such as dichloromethane, THF» diglyme, ether, and the like, 
at tOTopeiatures well below 0**C, e.g., -78^C, in about 30 minutes to 2 hours. The reaction mixture 
is qu^ched by the addition of an add and allowed to gradually warm to room temperature to 
provide the ben2yl alcohol (7). 



[00102] The benzyl alcohol (7) is then contacted with methanesulfbnyl diloride or p- 
toluenesulfonyl chloride m an inert organic solvent in the presence of an organic base to provide a 
mefhanesulfonic acid or p-toluenesulfonic acid benzyl ester (8). Suitable organic bases include 
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triethylatnine, pyridine^ and the like. Suitable inert oi^ganic solvents include dichlorometfaane, 
THF, and the like. The leaction conveniently may be conducted at ambient temperature in about 
30 minutes to 2 hours. 

[00103] The methanesulfonic acid benzyl ester (8) is then contacted with an azetidine 
caiboxylate hydrochloride salt (or a pyrrolidine carboxylate hydrochloride salt) under reactive 
conditions, preferably in an inert organic solvent, in the presence of an organic base to provide 
compoimd (9). Suitable inert organic solvents which can be used include, for example, N,N- 
dimethylfonnamide> acetonitrile, dichloromethane, N-methylpyridone, and the like. Suitable 
organic bases mclude DIEA, TEA, pyridine, and the like. The reaction conveniently may be 
conducted at ambient temperature for about 24 hours to 4S hours. 

[00104] Compound (9) is then converted to the N4iydro:}Qramide derivative of Formula (J) 
by treatment with aqueous hydroxylamine (e.g., aqueous 50% hydroxylamine) in a polar organic 
solvent such as dioxane and fbs like. The reaction is carried out at ambient temperature for about 
2to6hour8. 

[00105] Alternatively, a compound of Formula (I) wherem Z is C(OX m is 1, and is H 
can be prepared as illustrated in Scheme 4 below. 

[00106] Scheme 4 
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16 17 I 

[00107] As shown in Scheie 4, benzhydrylamine or a-phenylbenzylainine(lO) is alkylated 
wilfa an allQrlating agent in the presence of an iodide salt and a base to provide the alkylated 
product (1 1). Suitable alkylating agents include tert-butyl haloacetates such as t-butyl 
bromoacetate (BrCHzCOz/Bu), t-butyl chloroacetate (CICH2C02rBu), and the like. The alkylation 
is conducted in an inert organic solvent such as, for example, N,N-dimethyiformaniide, 
acetonitrile, dichloromethane, and N-methylpyridone. Suitable iodide salts include potassium 
iodide or sodium iodide and suitable bases include potassium carbonate, cesium carbonate and the 
like. The reaction is typically conducted at room temperature for about 2 to about 6 hours. 

[00108] The alkylated product (1 1) is further alkylated with a bromoacetone derivative 
(R^COCHiBr) in the presence of an organic base to provide a ketone (12). Suitable organic base 
sudi as DIEA, TEA, pyridine, N-methyl morpholine, and the like. The alkylation is conducted in 
an organic solvent such as, for example, acetone, N,N<-dimethylfonnamide, and the like. The 
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reaction is typically conducted at temperatures in the range of about -78E to 23EC for about 16 to 
about 24 hours. 

[00109] To the ketone (12) is added a reducing agent to provide an alcohol (13). Suitable 
leducing agents for reduction of the ketone to an alcohol include sodium borohydride, liADLi, 
B2H6> and the like. The reduction is typically carried out in an inert organic solvent, such as 
dichloromediane, THF, diglyme, ether, and the like, at temperatures well below 0*'C, e.g.» -23^C, 
in about 30 mmutes to 2 hours. The reaction mixture is quenched by the addition of an acid and 
allowed to gradually warm to rdom temperature to provide the alcohol (13). 

[00110] The alcohol (13) is tiien converted to the alkyi halide by contacting with thionyl 
halide (e.g., chloride), phosphorus trichloride, and the like in an inert organic solvent to provide 
the chloro compound (14) is exemplified by chloro. Suitable inert organic solvents uiclude 
trichloromethane, dietfayletfaer, and the like. The reaction is typically conducted at tenq>eratures in 
the range of about OX to 23°C for about 1 to about 3 hours. 

[00111] The halo compoxmd (14) is subjected to base catalyzed cyclization to give an 
azetidine (15), as a miKture of cis and trans isomers, as taught in Qian, X, et al., J. Org, Chem. 59 
6098-6100 (1994). The base catalyzed cyclization is performed using NaHMDS in an inert 
organic solvent. Suitable inert organic solvents include THF, diglyme, ether, and the like, at 
temp^ntuces well below O^C, e.g., -78^C, in about 30 minutes to 2 hours. The cis and trans 
isomers may be separated by silica gel column chromatography. 

[00112] The azetidine (15) is thm hydrogenated to remove the betuhydryl protecting group 
to provide the firee amine (16). The hydrogenadon is carried out in a polar organic solvent such as 
methanol. The hydrog^iation is carried out in the presence of a palladium (D) catalyst or 
pflllflHinm on carbon under hydrogen atmosphere. The hydrogenation may conveniently he 
carried out at ambient temperatures in about 30 minutes to 2 hours. The reduction is conducted in 
the presence of 1 equivalent suitable acid, such as anyhdrous HCl, to provide the amine 
hydrochloride (16). 

[00113] The amine hydrocholoride (16) is then condensed with an optionally substituted 
benzoic acid (Xn-ArCOaH) under reactive conditions, preferably in an inert orgainic solvent, m 
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the presence of a coupling reagent and an organic base to provide an amide (17). This reaction 
can be performed with any number of known coupling reagents, such as HATU, HOBT, 
carbodiimides, DPP A, and the like. Suitable organic bases include DIEA, TEA, pyridine, N- 
methyl morpholine* and the like. Suitable inert organic solvents with can be used include, for 
example, N,N-dimethyIfonnamide, acetonitrile, dichloromethane, and the like. This reaction is 
typically conducted using an excess of acid to amine at temperatures in the range of about OEC to 
about SOEC. The reaction is continued until completion, which typically occurs m fbom about 2 
to 12 hours. 

[00114] The amide (17) is then treated with an acid in an inert organic solvent to remove 
fte t-butyl ester protecting group and then coupled wi& an o-protected hydroxyl amine. Suitable 
add^ include hydiochloric acid and suitable inert organic solvents include dioxane. The acid is 
coiqiled with Ike o-protected hydroxyl amine using a coi^ling reagent such as HATU in an 
organic base in an inert organic solvent. Suitable organic bases include DIEA, TEA, pyridme, and 
N-methyl morpholine, and suitable inert organic solvents uiclude NsN-dimethylformamide, 
acetonitrile, dichloromethane, and ibe like. 

[00115] The o-protected amide is then hydrogenated to remove ihc o-protecting group to 
provide a compound of formula (I). Hie hydrogenation is carried out hi a polar oiganic solvent 
such as meflianol. The reduction is canied out in the presence of a palladimn (D) catalyst under 
hydrogen atmosphere. The reduction may conveniently be carried out at ambient temperatures in 
about 30 minutes to 2 hours. The reduction is quenched with a suitable acid such as hydrochloric 
add. 

[00116] Alternatively, a compound of Formula (I) wherein Z is C(0), m is 1, and is H 
can be prepared as illustrated in Scheme 5 below. 

[00117] Scheme S 
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[00118] As shoivn in Scheme S» tlie y-lactone (18) is brooiinated using Br2 in the presence 
of phosponis followed by esterification under acidic conditions to provide a diteomoester (19). 
The y-lactone is commercially available firom vendors such as Aldrich, Sigma, etc or may be 
synthesized by mediods known to those skilled in the art. The reaction is conducted in a polar 
organic solvent such as methanol, etfaanol, and flie like. 

[00119] The dibromoester is condensed with benzyl amine or a substituted benzyl amine as 
described m R.M. Rodebaugh, et aL, J. Hcterocycl. Chem. 8. 19 (1971) to provide an azetidine 
(20). This compound can be converted to the N-hydroxyamide to provide compounds of this 
invention wherem mpl and Z is CH2. 



[00120] Alternatively, the azetidine (20) is then hydrogenated to remove the N-benzyl- 
protecting group to provide an unprotected azetidine hydrochloride salt (21). The hydrogenation 
is carried out in a polar organic solvent such as methanol. The reduction is carried out in the 
presence of a palladium (II) catalyst or palladium on carbon under hydrogen atmosphere. The 
reduction may conveniently be carried out at ambient temperatures in about 30 minutes to 2 hours. 
The reduction is carried out in the presence of 1 eqmvalent of a suitable acid such as hydrochloric 
acid to provide an unprotected azetidine hydrochloride salt (21). 
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[00121] The unprotected azetidine hydrochloride salt (21) is then condensed with an 
optionally substituted benzoic acid (Xn-ArCCbH) under reactive conditions, preferably in an inert 
organic solvent, in the presence of a coupling reagent and an organic base to provide an amide 
(22). This reaction can be performed with any number of known coupling reagents, such as 
HATU, HOBT, carbodiimides, DPP A, and the like. Suitable organic bases include DIEA, TEA, 
pyridine, N-methyl morpholine, and the like. Suitable inert organic solvents which can be used 
include, for example, N,N-dimethylformamide, acetonitrile, dichloromethane, and the like. This 
reaction is typically conducted using an ^cess of azetidine to benzoic acid at temperatures in the 
range of about 0°C to about 50°C. The reaction is continued until completion, which typically 
occurs in from about 2 to 12 hours. 



[00122) The amide Q2) is then converted to the N-hydroxyamide derivative of Formula Q) 
by treatment with aqueous hydrosQrlamine (e.g.» aqueous 50% hydroxylamine) in a polar organic 
solvent such as dioxane and the like, lie reaction is carried out at ambient temperature for about 
2 to 6 hours. 

[00123] Scheme 6 below illustrates numerous metibods for preparing diverse proline 
'derivatives useful as starting materials in this invention. 

[00124] Such derivatives are useful for preparing compounds of Foimula n and m of this 
invention. 

[00125] Scheme 6 



36 



wo 2004/007444 



PCTAJS2003/021838 




[00126] Specifically, the carboxyl and amino groups of commercially available 4-p- 
hydioxy-proline, compound 23, ate protected by conventional means to provide for a methyl est^ 
on the carboxyl group and a protecting ffovp, PG, on tiie nitrogen and as illustrated by compound 
24. Other conventional protecting groups on the carboxyl group could likewise be employed, e.g., 
benzyl, r-butyl, etc.^ Preferably, the nitrogen and carboxyl protecting groups are orthogonal to 
each other so that they can be differentially removed. For example, removal of the nitrogen 
protecting group provides for the mefliyl ester of 4-P-hydroxyproline, compound 27. 

[001271 Conventional alkylation/arylation of the hydroxyl group of compound 24 is 
accomplished by treatment witii a suitable alcohol, ROH, m the presence of triphenylphosphme, 
diisopropyl azodicarboxylate (DIAD) in a suitable mert solvent such as tetrahydrofiiran (THF) 
using Mitsinobu conditions to provide alkoxy/aryloxy fonnatioiL Subsequent and conventional 
removal of the nitrogen protecting group provides for 4-a-alkoxy/aiyloxy proline methyl ester, 
compound 25. 
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[00128] Compoxmd 24 can be converted to the conesponding 4-a-fluoropioline derivative 
by reaction with (diethylainino)sulfur trifluoride (DAST) in a suitable solvent such as 
dichloromethane G)CM), chloroform, and the like. Subsequent and conventional removal of the 
nitrogm protecting group provides for 4-a-fluoroproline methyl ester, compound 26. 

[00129] Ahematively, conventional oxidation of the hydroxyl group of compound 24 (e.g., 
pyridinium dichromate or dess-Martin oxidation conditions) provides for N-protected 4- 
oxoprolme methyl ester, compound 28. In one embodiment, reaction of compound 28 with 
trimethylsilyltrifluoromethane (CYiSiiCShh) andtetrabutylammonium fluoride (TBAF) followed 
by contact with a saturated aqueous solution of ammonium chloride and TBAF provides for N- 
piotected 4-p-hydroxy-4-a-trifluorQmcthylpioline methjd ester, compound 29 (X. Qixi, et al. J, 
Org. Chem. (2000) 67:7162-1764). Dehydration of compound 29 by contact with thionyl chloride 
in pyridine provides for N-protected 4-trifluoromefliyl-2,5-dihydropyrrole derivative, compound 
30. In one embodiment, conventional removal of the nitrogen blocking group piovides for 4- 
<rifluoromefhyl-2,5-dihydropyrrole derivative compound 31. In another embodhncnt, 
hydrogenation of the vmyl group by hydrogen and palladium/carbon in a suitable solvent such as 
methanol piovides for a preponderance of the P-trifluoroproline methyl ester, compound 32. In 
this case, stereochemical control of the hydrogpnation is dictated by the p-metfayl ester at the 2- 
position ^ch &vors hydrogenation from tiie a directioa 

[00130] In another embodiment, reaction of the N-pixrtected4K)XOproline methyl est^ 
compound 28, with DAST in a suitable solvent such as dichloromefliane, chloroform and the like, 
followed by conventional deprotection of the nitrogen provides for the 4,4-difluoroproline metibyl 
ester, compound 39. 

[00131] The N-protected 4-oxoproline methyl ester, compound 28, can be converted to the 
Inflate, compound 40, by sodium bis(trimethylsilyl)amide G^aHMDS) and N,N-N- 
phenyltrifluoromethanesulfonimide. Subsequent reaction of compound 40 with 
trimethylsilylacetylene followed by conventional removal of the nitrogen protecting group 
provides for 4-ethynyl-2,5-dihydropyrrole derivative, compound 41. Alternatively, removal of the 
triflate group by contact with Pd(PPh3)2(OAc)2 in formic acid and tributyl amine followed by 
deprotection of the nitrogen protecting group provides for 2,5-dihydropyrrole derivative, 
compound 42. 
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[00132] Compound 24 can be converted to a variety of other proline derivatives. For 
example, inversion of the 4-P-hydroxy substituent to the 4-a-hydroxy substituent in the N- 
protected 4-p-hydroxyproIine methyl ester, compound 24, can be accomplished by reaction with 
j>nltrobenzoic acid, phosphine and DIAD in a suitable solvent such as tetrahydrofuran, dioxane, 
and the like followed by reaction with sodium azide in the presence of a suitable crown ether, 
e.g., commercially available 15-Crown-5, in methanol. Deprotection of the amine group provides 
for 4-a-hydroxyproline methyl ester, compound 34. 

[00133] The N-protected 4-a-hydro}9proline methyl ester, compound 33, can be used to 
prepare a variety of further derivatives. For example, reaction with dimethoxyDAST followed by 
dqxrotection provides for 4-p-fluoroproline methyl ester, compound 38. Alternatively, alkylation 
or aiylation of the hydioxyl group followed by nitrogen deprotection yields the 4- 
alkoxy/aiyloxyproline methyl ester, compound 35. Inversion of tiie 4-a-hydroxy substituent to 
fhe 4-P-alkoxyproline mettryl ester in compound 33 to provide for compound 36 follows the 
procedures outlined for conversion of compound 24 to compound 25. 

[00134] Scheme 7 below illustrates conversion of various proline derivatives to their 
corresponding K-hydroxyamides. 

[00135] Scheme? 
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J1. ArC0Ct,ei3N.THF 
Z NH20H,diO)(ano 




[00136] Such conversion is preferably conducted in a two step process wherein the proline 
methyl ester is first reacted with an aryl acid chloride in the presence of a suitable base such as 
triethylamine to scavenge the acid generated. The reaction is conducted in a suitable solvent such 
as tetrahydrofuran, dioxane, and the like. Subsequently, reaction with hydroxylamine in dioxane 
provides for the hydroxyamide derivative. 

Phaimaceutical Formulations 

[00137] When employed as pharmaceuticals, the compounds of the subject invention are 
usually administered in the form of phaimaceutical compositions. These compounds can be 
administered by a variety of routes includhig oral, parentOBl, transdermal, topical, rectal, and 
intranasal. These conipounds are effective as botfi iigectable and oral compositions. Such 
compositions are prepared in a manner well known in flie pharmaceutical art and comprise at least 
one active compound. 

[00138] This invention also includes phaimaceutical compositions which contain, as ttie 
active ingredient, one or more of the compounds of &e subject invention above associated with 
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phannaceutically acceptable earners. In making the compositions of this invention, the active 
ingredidtt is usually mixed ^vitfa an exdpirat, diluted by an excipient or enclosed within such a 
carrier v^ch can be in the form of a cq[>sule, sachet, paper or other container. The excipient 
employed is typically an excipient suitable for administmtion to human subjects or other 
mammals. When die excipient serves as a diluent, it can be a solid, semi-solid, or liquid material, 
v/bich acts as a vehicle, carrier or medium for the active ingredient. Thus, the compositions can 
be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, 
emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments containing, for 
example, up to 1 0% by weight of the active compound, soft and hard gelatin cq)sules, 
siq>positories, sterile injectable soliitions, and sterile packaged powders. 

[00139] In preparing a formulatioii, it may be necessary to mill the active compound to 
provide the appropriate particle size prior to combining with the other ingredients. If the active 
coxnpound is substantially insoluble, it ordinarily is milled to a particle size of less than 200 mesh. 
If the active compoxmd is substantially water soluble, the particle size is normally adjusted by 
milling to provide a substantially uniform distribution in the formulation, e.g. about 40 mesh. 

[00140] Some examples of suitable excipients include lactose, dextros^ sucrose, sorbitol, 
mannitol, starches, gum acada, calcium phosphate, al^nates, tragacanth, gelatin, caldum silicate, 
microcrystalline cellulose, polyvinylpyrrolidone, cellulose, sterile water, syrup, and methyl 
cellulose. The formulations can additionally indude: lubricating agents such as talc, magnesium 
stearate, and mineral oil; wetting agents; emulsiifying and suspending agents; preserving agqits 
such as methyl- and propylhydroxy-benzoates; sweetening agents; and flavoring agents. The 
compositions of the invention can be foimulaled so as to provide quick, sustained or (felayed 
release of the active ingredient after administration to the patient 1^ employing procedures known 
mfheart 

[00141] The quantity of active component, that is the compound according to the subject 
invention, in the pharmaceutical composition and unit dosage form thereof may be varied or 
adjusted widely depending upon the particular application, the potency of the particular compound 
and the desired concentration. 

[00142] The compositions are preferably formulated in a unit dosage form, each dosage 
containing from about 5 to about ICQ mg, more usually about 10 to about 30 mg, of the active 
ingredient. The term *^mit dosage forms" refers to physically discrete units suitable as unitary 
dosages for human subjects and other mammals, each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic effect, in association with a suitable 
pharmaceutical excipient. Preferably, the compound of the subject invention above is employed 
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at no more than about 20 weight percent of the pharmaceutical composition, more preferably no 
more than about 1 5 weight percent, with the balance being phaimacentically inert carrier(s). 

(00143] The active componnd is effective over a wide dosage range and is generally 
administered in a pharmaceutically or therapeutically effective amount It will be understood, 
however, that the amount of the compound actually administered will be determined by a 
physician, in the light of the relevant circumstances, including flie condition to be treated, the 
severity of the bacterial infection being treated, the chosen route of administration, the actual 
compound administered, the age, weight, and response of tiie individual patient, the severity of the 
patient's symptoms, and the like. 

[00144] In therapeutic use for treating, or combating, bacterial infections in warm-blooded 
animals, the compounds or pfaarmaoeutical compositions tiiereof will be administered orally, 
topically, transdermally, and/cnr parenteraUy at a dosage to obtam and maintain a concentration, 
lbat is, an amount, or blood-level of active component in the animal undergoing treatment vMdii 
will be antibacterially effective. Generally, such antibacterially or therapeutically effective 
amount of dosage of active component Q.e., an effective dosage) will be in the range of about 0.1 
to about 100, more preferably about 1.0 to about SO mg/kg of body weight/day* 

[00145] For preparing solid compositions such as tablets, the principal active ingredient is 
mixed with a pharmaceutical excipient to form a solid preformulation composition containing a 
homogeneous mixture of a compound of the present inventiott When referring to these 
preformiilation compositions as homogeneous, it is meant that the active ingredient is di^ersed 
evenly throughout the composition so that the composition may be readily subdivided into equally 
effective unit dosage forms such as tablets, pills and capsules. This solid preformulation is then 
subdivided into xmit dosage forms of the type described above containing firom, for example, 0.1 
to about 500 mg of the active ingredient of the present invention. 

[00146] The tablets or pills of the present invention may be coated or otherwise 
compounded to provide a dosage form affording the advantage of prolonged action. For example, 
the tablet or pill can comprise an inner dosage and an outer dosage component, the latter bemg in 
the form of an envelope over the former. The two components can be separated by an enteric 
layer which serves to resist disintegration in the stomadb and permit the inner component to pass 
intact into the duodenum or to be delayed in release* A variety of materials can be used for such 
enteric layers or coatings, such materials including a number of polymeric acids and mixtures of 
polymeric acids with such materials as shellac, cetyl alcohol, and cellulose acetate. 
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[00147] The liquid forms in which the novel compositions of the present invmtion may be 
incorporated for administration orally or by injection include aqueous solutions, smtably flavored 
synq)S, aqueous or oil suspensions, and flavored emulsions with edible oils such as com oil, 
cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar pharmaceutical 
vehicles. 

[00148] Compositions for inhalation or insufflation include solutions and suspensions in 
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof and powders. The 
liquid or solid compositions may contain suitable pharmaceutically acceptable excipients as 
described supra. Preferably the compositions are administered by the oral or nasal respiratory 
route for local or systemic effect Compositions in pref^ably pharmaceutically acceptable 
solvents may be nebulized by use of inert gases. Nebulized solutions may be inhaled directly- 
fiom the nebulizing device or the nebulizing device may be attached to a face mask toit, or 
intmnittent positive pressure breathing machine. Solution, suspension, or powder compositions 
may be administered, preferably cmlly or nasally, fix>m devices which deliver the formulation in 
an q>prppriate manner. 

[00149] The foHowing formulation examples illustrate representative pharmaceutical 
compositions of the present invention. 



Formtdation Example 1 
[00150] Hard gelatin capsules containing &e following ingredients are prepared: 

Quantity 

Ingredient fme/cansule^ 
Active Ingredient . 30.0 

Starch 305.0 
Magnesiiim stearate 5.0 

[00151] The above ingredients are mixed and filled into hard gelatin capsules in 340 mg 
quantities. 

Formulation Example 2 
[00152] A tablet formula is prepared using tiie ingredients below: 
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Quantity 

In gredient fag/tablet^ 
Active Ingredient 25.0 
Cellulose, microcrystalline 200.0 
Colloidal silicon dioxide 1 0.0 

Stearic acid 5.0 



[00153] The components are blended and compressed to form tablets, each weighing 240 
mg. 

FpnniilafiopBxWPlp3 

[00154] A dry powd^ inhaler formulation is prepared.containing the foUovdng 
compcments: 

Ingredient Weight % 

Active Ingredient 5 
Lactose 95 

[00155] The active ingredient is mixed with the lactose and the mixture is added to a dry 
powder iohaling appliance. 

Tonnulation Example 4 
[00156] Tablets, each containing 30 mg of active ingredient, are prepared as follows 



Quantity 

Ingredient fag/tablet^ 

Active Ingredient 30.0 mg 

Starch 45.0 mg 

Mi(at)crystalline cellulose 35 .0 mg 
Polyvinylpyrrolidone 

(as 1 0% solution in sterile water) 4.0 mg 

Sodium carBoxymethyl starch 4.5 mg 

Magnesium stearate 0.5 mg 

Talc 1.0 mg 
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Total 120 mg 

100157] The active ingredient, starch and cellulose are passed through a No. 20 mesh U.S. 
sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is mixed wifli the resultant 
powders, which are then passed through a 16 mesh U.S. sieve. The granules so produced are 
dried at 50°C to 60®C and passed through a 16 medi U.S. sieve. The sodium carboxymelhyl 
starch, magnesium stearate, and talc, previously passed through a No. 30 mesh U.S. sieve, are 
then added to the granules which, after mixing, are compressed on a tablet machine to yield 
tablets each weighing 120 mg. 

Formulation Example S 
[00158] C^sules, each containing 40 mg of medicament are made as follows: 

Quantity 

Ingredient fmg/bapsule^ 
Active Ingredient 40.0 mg 

Starch 109,0 mg 

Magnesium stearate 1.0 mg 

Total 150.0 mg 

[00159] The active ingredient, staidi and magnesium stearate are blended, passed through a 
No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 150 mg quantities. 

Formulation Example 6 
Suppositories, each containing 25 mg of active ingredient are made as follows: 
Ingredient Amount 
Active Ingredient 25 mg 

Saturated fatty add glycerides to 2,000 mg 

[00160] The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in 
the saturated fatty acid glycerides previously melted using the minimum heat necessary. The 
mixture is then poured into a suppository mold of nominal 2.0 g capacity and aUowed to cooL 

Formulation Example 7 

[00161] Suspensions, each containing 50 mg of medicament per 5.0 mL dose are made as 
follows: 
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Ingredient AfflQunt 

Active Ingredient 50.0 mg 

Xanthangum 4.0 mg 
Sodium carboxymethyl cellulose (11%) 

Microcrystalline cellulose (89%) 50,0 mg 

Sucrose 1.75 g 

Sodium benzoate 1 0.0 mg 

Flavor and Color q.v- 

Purified vfatet to 5.0 mL 



[00162] The active ingredient, sucrose and xanthangum are blended, passed through a N^^ 
10 mesh U.S. sieve, and then mixed with a previously made solution of the microcrystalline 
cellulose and sodium carboxymethyl cellulose in water. The sodium benzoate, flavor, and color 
are dilirtcd with some of the watrar and added with stirring. SuflBcient water is then added to 
produce the required volume. 



Quantify 

Ingredient (mg/capsule) 
Active Ingredient 15.0 mg 

Starch 407,0 mg 

Magnesium steaiate 3.0 mg 

Total 425.0 mg 

[00163] The active ingredient, starch, andmagneslum steaiate are blended, passed through 
a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 425.0 mg quantities. 



Formulation Example 9 
[00164] A subcutaneous formulation may be prepared as follows: 

Ingredient Quantity 
Active Ingredient 5.0 mg 

Com Oil 1.0 mL 
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Formulation Example 10 
[00165] A topical formulation may be prepared as follows: 

Ingredient Quantity 

Active Ingredient 1-10 g 

Emulsifying Wax 30 g 

Liquid Paraffin 20 g 

White Soft ParaflBn tolOOg 



{00166] The vMtc soft para£5n is heated until molten. The liquid parafim and emulsifying 
wax are hicorpoxated and stirred until dissolved The active ingredient is added and stining is 
continued until dispensed. The mixture is then cooled until solid. 

Formulation Examnle 1 1 
[00167] An intravenous formulation may be prepared as follows: 

Ingredient Quantity 
Active Ingredient 250 mg 

Isotonic saline 1000 mL 

[00168] Another preferred formulation employed in the methods of the present invention 
employs transdermal delivery devices Clpatches"). Such transdermal patches may be used to 
provide continuous or discontinuous infusion of the compounds of the present invention in 
controlled amounts. The construction and use of transdermal patches for the delivery of 
pharmaceutical agents is well known in the art See, e.g., U.S. Pateat 5,023^52, issued June 11, 
1991, herein incorporated by reference. Such patches may be constructed for continuous, 
pulsatile, or on demand delivery of pharmaceutical agents. 

[00169] Frequentiy, it will be desirable or necessary to introduce the pharmaceutical 
composition to the brain, either directiy or indirectiy. Direct techniques usually involve 
placement of a drug delivery catheter into the host's vratricular system to bypass the blood-brain 
barrier. One such implantable delivery system used for the transport of biological factors to 
specific anatomical regions of ibe body is described in U.S. Patent 5,011,472 ^hich is herein 
mcorporated by reference. 

[00170] Indirect techniques, which are generally preferred, usually involve formulating the 
compositions to provide for drug latentiation by the conversion of hydrophilic drugs into 
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lipid-soluble drugs. Latentiation is generally achieved through blocking of the hydroxy, carfionyl, 
sul&te, and primary amine groups present on the drug to render the drug more lipid soluble and 
amenable to transportation across the blood-brain barrier. Alternatively, the delivery of 
hydrophilic drugs may be enhanced by intra-arterial infusion of hypertonic solutions which can 
transiently open the blood-brain barrier. 

[00171] Other suitable fonnulations for use in the present invention can be found in 
Remington 's Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, PA, 17* ed. 
(1985). 

[00172] As noted above, the compounds described hsx&ixi are suitable for use in a variety of 
drug delivery systems described.above. Additionally, in order to enhance the in vivo serum 
half-life of the administered compound, the confounds may be encapsulated, introduced into the 
lumen of liposomes, prepared as a colloid, or o&er conventional techniques may be en^loyed 
which provide an extended serum half-life of the compounds. A variety of methods are available 
for preparing liposomes, as described in, e.g., Szoka, et al., U.S. Patent Nos. 4,235,871, 4,501,728 
and 4,837,028 each of which is incorporated herein by refer^ice. 

[00173] As noted above, the compounds administered to a patient are in the form of 
phannaceutical compositions described above. These compositions may be sterilized by 
conventional sterilization techniques, or may be sterile filtered. Hie resulting aqueons solutions 
may be packaged for use as is, or lyophUized, the lyophilized preparation being combined with a 
sterile aqueous carrier prior to administration. The pH of the compound preparations typically 
will be between 3 and 1 1 , more preferably from 5 to 9 and most preferably from 7 and 8. It will be 
understood that use of certain of the foregoing excipients, carriers, or stabilizers will result in the 
formation of pharmaceutical salts. 

[00174] In general, the compounds of the subject invention will be administered in a 
therapeutically effective amount by any of the accepted modes of administration for agents that 
s^e similar utilities. Toxicity and therapeutic efficacy of such compounds can be determined by 
standard pharmaceutical procedures in cell cultures or experim^ital animals, e.g., for detemoining 
the LDso (the dose le^ to 50% of the population) and the EDso (the dose therapaitically 
effective in 50% of the population). Hie dose ratio between toxic and therapeutic effects is the 
therapeutic index and it can be expressed as the ratio LDsq/EDsq. Compounds that exhibit large 
therapeutic indices are preferred. 

[0017S] The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies preferably 
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within a range of circulating concentrations that include the ED50 with little or no toxicity. The 
dosage may vary within this range depending upon the dosage form employed and the route of 
administration utilized. For any compound used in the method of the invention, the thempeutically 
effective dose can be estimated initially fiom cell culture assays. A dose may be formulated in 
animal models to achieve a circulating plasma concentration range which includes the IC50 (the 
concentration of the test compoimd which achieves a half-maximal inhibition of symptoms) as 
detem[iined in cell culture. Such information can be used to more accurately determine useful 
doses in humans. Levels in plasma may be measured, for example, by high performance liquid 
chiomatogrs^hy. 

UtiKtv 

[00176] The conqpounds of the subject invention exMUt potent activities against gram 
negative organisms. Accordingly, the compounds ofthe present invention are useful 
antimicrobial agents and may be effective i^gainst a number of human and veterinary pathogens, 
including gram ne^dive organisms. The Gram negative organisms against i^iich the compounds 
of the piesent invention are effective include Acinetohacter haumamdi, Acimtobacter 
haemolyticus, Actinobacillus actinomyceiemcomitans, Aeromonas hy^ophila, Bacteroides 
fragilis, Bacteroides theataloatamicron, Bacteroides distasonis, Bacteroides avatus, Bacteroides 
vtdgatus, Bordetella pertussis. Brucella melitensis, Burkholderia cepacia, Buriholderia 
pseudomallei Burldtolderia mallei Fusobacterium, PrevoteUa corporis, Prevotella intermedia, 
Prevotella endodontalis, PorpfQ^omonas asaccharolytica, Campylobacter Jejuni, Can^lobacter 
fetus, Citrobacterfreundii, Citrobacterkoseri, Edwarsiella tarda, Eikenella corrodens, 
Enterobacter cloacae, Enterobacter aerogenes, Enterobacter agglomerans, Escherichia coli, 
Francisella tularensis, Haemophilus influenzae, Haemophilus ducreyi, Helicobacter pylori, 
Kingella ttngae, Klebsiella pneumoniae, Klebsiella oxytoca, Klebsiella rhinosderomatis, 
Klebsiella ozaenae, Legionella penumopMa, Moraxella catarrhalis, Morganella morganii, 
Neisseria gonorrhoeae. Neisseria meningitidis, Pasteurella multocida, Plesiomonas shigelloides, 
Proteus mirabilis, Proteus vulgaris, Proteus penneri, Proteus myxofaciens, Providencia siuartii, 
Providencia rettgeri, Providencia alcalifaciens, Pseudomonas aeruginosa, Pseudomonas 
fluorescens. Salmonella typhi. Salmonella paratyphi, Serratia marcescens, Shigettaflexneri, 
Shigella boydii Shigella sonnei, Shigella dysenteriae, Stenotrophomonas maltophilia, 
Streptobacillus moniliformis, Vibrio cholerae. Vibrio parahaemolyticus, Vibrio vulnificus, Vibrio 
alginolyticus, Yersinia enterocolitica, Yersinia pestis, Yersinia pseudotuberculosis. Chlamydia 
pneumoniae, Chlamydia trachomatis^ Ricketsia prowazekii, Caxiella burnetii^ Ehrlichia 
chafeensis^ Barionella hensenae, and the like. 
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[00177] The conqpounds of the subject inventioii may be combmed wim one or more 
additional antibacterial agents. One or more of the additional antibacterial agents may be active 
against gram negative bacteria. Additionally, one or more of the additional antibact^al agents 
may be active against gram positive bacteria. The combmation of the compounds of the subject 
invention and the one or may additional antibacterial agents may be used to treat a gram negative 
infection. Additionally, the combination of the compounds of the subject invention and the one or 
more additional antibacterial agents may be used to treat a gram positive infection. 

[00178] The in vitro activity of compounds of the subject invention may be assessed by 
standard testing procedures such as the determination of minimum inhibitory concentration (MIC) 
by agar dilution as described in "Approved Standard. Methods for Dilution Antimicrobial 
Susceptibility Tests for Bacteria that Grow Aerobically," 3"^ ed., published 1993 by flie National 
Committee for Clinical Laboratory standards, Villanova, Pennsylvania, USA. 

[00179] The amount administoted to the mammalian patient will vary depending upon what - 
is being administered, the purpose of the administration, such as prophylaxis or tiierqpy, the state 
oftiiepatieiitytiieniiannerofadniinistration, and tire like. In tiierapeutic applications, 
compositions are administered to apatient already suffering fixma a disease in an amount 
sufficient to cure or at least partially axiest the symptoms of the disease and its complications. An 
amount adequate to accomplish this is defined as ^erapeutically effective dose.** Amounts 
effective for this use will depend on the disease condition being treated as well as by tiie j udgment 
of the attending clinician depending upon factors such as the severity of the inflammation, the age, 
weight and general condition of the patient, and the like. 

[00180] The compositions administered to a patient are in the form of pharmaceutical 
compositions described above. These compositions may be sterilized by conventional 
sterilization techniques, or may be sterile filtered. The resulting aqueous solutions may be 
packaged for use as is, or lyophilized, the lyophilized preparation being combined with a sterile 
aqueous carrier prior to administration. The pH of the compoimd preparations typically will be 
between 3 and 1 1 , more preferably fiom 5 to 9 and most preferably from 7 to 8. It will be 
understood that use of certain of the foregoing excipients, carriers, or stabilizers will result in the 
formation of pharmaceutical salts. 

[00181] The therapeutic dosage of the compounds of the present invention will vary 
according to, for example, the particular use for vMch the treatment is made, the manner of 
administration of the compound, the healdi and condition of the patient, and the judgment of the 
prescribmg physician. For example, for intravenous administration, the dose will typically be in 
the range of about 20 ^g to about SCO (xg per kilogram body weight, preferably about 100 )xg to 
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about 300 \Lg per kilogram body weight. Suitable dosage ranges tor intranasal administration are 
generally about 0.1 pg to 1 mg per kilogram body weight. Effective doses can be extrapolated 
fiom dose-response curves derived fix)m in vitro or animal model test systems. 

[00182] The following synthetic and biological examples are offered to illustrate this 
invention and are not to be construed in any way as limiting the scope of this invention. 

EXAMPLES 

[00183] In the discussion above and in the examples below, the following abbreviations 
have the fbUowing meanings. If an abbreviation is not defined, it has its generally accepted 
meaning. 



aq 




aqueous 


AcOH 




acetic acid 


AUG 




area under the curve 


BHb»SMp2 




borane dimethyl sulnde complex 


Bn 




benzyl 


bm 




broad multiplet 


Boc 




/^er/-butoxycarbonyl protecting group 


Dd 




oroaa doublet 


DS 




broad singlet 






deuterated chloroform 


CD3OD 




deuterated methanol 


CDI 




1 4 -c£irbodiimidazole 


cfu 




colony forming units 


d 




doublet 


dd 




doublet of doublets 


dq 




doublet of quartets 


dt 




doublet of triplets 


DCC 




1 ,3-dicyclohexylcarbodiimide 


DCM 




dichloiomethane 


DIBAH 




diisobutylaluminum hydride 


DIEA 




diisopropyethylamine 


DMF 


as 


dimethylfoimamide 


DMAP 




dimethylaminopyridine 


DMSO 




dimethyl siilfoxide 


DPPA 




diphenylphosphoryl azide 
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dppf « bis(diphcnylphosphino)ferrocene 

EDso = dose Aerapeutically effective in 50% of the population), 

EDC - lK3-dimethyIaminopropyl)-3-ethylcarbodiimide 

hydrochloride 

eq. = eqiiivalent 

ESMS = electrospray mass spectrometry 

Et = ethyl 

EtOAc = ethyl acetate 

EtaN = triefliylamine 

EtiO = diethyl ether 

g « gram 

h hom 

HATU = CK7-azaben2otriazoI-l-yl)-N^J^'J>I'-tetramethyluronium 

hexafluotophosphate 

HOBT « 1-hydroxybenzotriazole hydrate 

HPLC = high pressure liquid chromatography 

Hz = hertz 

IC50 = concentration of the test compound which achieves a half- 
maximal inhibition of symptoms 

ip. = intraperitoneal 

i.v. - intravenous 

L = liter 

LD50 = dose lethal to 50% of the population 

LiHMDS = lithiimi hexamethyldisilazide 

LPS = lipopolysaccharide 

LpxC = UPD-3-0-(R-3-hydroxymyristoyl)-N-ace^lglucosamine 

deacetylase 

m = multiplet 

M . = molar 

M% - mole percent 

max ^ maximum 

m-CPBA = meta-chloroperbenzoic acid 

Me = methyl 

MeOH = methanol 

meq = miUiequivalent 
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mg 




milligram 


MgS04 


— 


magnesium sulfate 


MHz 


ss 


megahertz 


mL 




milliliter 


mm 


= 


millimeter 


mmol 




millimol 


m/z 




mass/charge ratio 


N 




normal 


NMR 




nuclear magnetic resonance 


NaHMDS 




bis-(trimethylsilyl)amide 


OBz 




benzyloxy protecting group 


OtBu 




tert-butoxy 


Pd/C 


= 


palladium/carbon 


Pg 


ss 


picogram 


Ph 


ss 


phenyl 


Pro 


= 


L-proline 


q 


— 


quartet 


q.s. 




bring to volume 


rt 


-s 


room temperature 


s 




singlet 


sat 


ss 


saturated 


sec 


— 


seconds 


t 


— 


triplet 


TBAF 




tetrabutylammonium fluoride 


TEA 


= 


triethylamine 


TFA 




trifluoioacetic acid 


THF 




tetrahydrofuran 


TLC 


= 


thin layer chromatography 


TMSCHN2 




trimethylsilyldiazomethane 






microliter 


HM 




micromolar 


Kg 




microgram 






volume by volume 



S3 
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[00184] Additionally, the term "Aldrich" indicates inai cae conipouQa or reagent usee in iEe 
foUowii^ procedures is commercially available from Aldricb Chemical Company, Inc, 1001 
West Saint Paul Avenue, Milwaukee, WI 53233 USA; the term ^Tluka" indicates that the 
compound or reagent is commercially available from Fluka Chemical Corp., 980 South 2"^ Street, 
Ronkonkoma NY 1 1779 USA; die term ^Xancaster"' mdicates that the compound or reagent is 
commercially available from Lancaster Synthesis, hic, P.O, Box 100 Windham, NH 03087 USA; 
the term "Sigma" indicates that the compound or reagent is commercially available from Sigma, 
P.O. Box 14508, St Ix)uis MO 63 178 USA; the tenn"Chemservice" indicates that the compo 
or reagent is commercially available from Chemservice Inc., Westchester, PA, USA; the term 
""Bachem" indicates that the compound or reagent is commercially available from Bachem 
Bioscience Inc., 3700 Horizon Drive, Renaissance at Oulph Mills, King of Prussia, PA 19406 
USA; the tenn "Maybridge" indicates that the compound or reagent is commercially available 
from Maybridge Chemical Co. TreviUett, Tintagel, Cornwall PL34 OHW United Kingdom; and 
the term 'TCF indicates that the compound or reagent is commercially available from TCI 
America, 921 1 North Harborgate St., Portland, Oregon, 97203, OR, USA; the temi "Alfa" 
indicates that the compound or reagent is commercially available from Johnson Matthey Catalog 
Company, Inc. 30 Bond Street, Ward Hill, MA 01835-0747; and the temi ^'Nova Biochem" 
indicates that the compound or reagent is commercially available from NovaBiochem USA, 
10933 North Torrey Pines Road, P.O. Box 12087, La Jolla CA 92039-2087. 

[00185] In the examples below, all tempemtures are in degrees Celsius (unless otherwise 
indicated) and the following gmeral procedures are used to prepared ttie compounds as indicated. 

General Procedures 

[00186] Mettiod A: To a stirred solution of amme (1.91 mmol), acid (1.91 mmol), and 
HATU (720 mg, 1.91 mmol) ih dhnelhylfonnamide (DMF) (10 mL), diisopropyleOiylamine 
(DBEA) (1 .7 mL, 9.5 mmol) was added. The reaction was stirred at room temperature for 1 6 h 
then partitioned between brine (100 mL) and diethyl edier (Bt^O) (100 mL). The layers were 
separated and the organic layer was washed with water (2 x 100 mL), 0.5 N HCl (100 mL), brine 
(50 mL), dried over magnesium sulfite ^S04) and then concentrated in vacuo to give the 
desired product 

[00187] Method B: To a stirred solution of methyl ester (100-150 mg) in dioxane (3.0- 
5.0 mL) at room temperature was added aqueous hydroxylamine (aqueous solution, 50% by 
weight, 3.0 mL). The progress of the reaction was monitored by analytical high pressure liquid 
chromatography (HPLC). After completion of the reaction, the reaction mixture was diluted with 
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water (5 mL) lyophilized to get crude product, which was puntiea oy preparative jhtlu to tunush 
the desired hydroxamate. 

[00188] Method C: To a stirred suspension of potassium carbonate (1000 mmol) in 
anhydrous DMF (700 mL) was added phenol (91 .03 g, 500 mmol) followed by an alkylating agent 
(600 mmol). The resulting reaction mixture was stured at room temperature and the progress of 
the reaction was monitored by thin layer chromatography (TLC). After completion of the 
reaction, solvent was removed in vacuo and the resulting residue was suspended in ether 
(lOOOmL). The ether layer was washed with water (5 X 300 mL), and brine (3 X 200 mL). The 
organic layer was dried over MgS04 and tiien the solvent was removed in vacuo gave the desired 
all^lated product 

[00189] Method D: The solution of allyloxybenzene (472.7 mmol) in N, N-^ethylaniline 
(400 mL) was kept stirring at 200 **C under nitrogen atmosphfire. The progress of the reaction 
was monitored by TLC. The reaction mixture was cooled to room temperature and poured on to 3 
N aqueous hydrochloric acid (1.5 L). The precipitated solid was fBtered, washed with water (1 L) 
and tiien dried under higji vacuum to finnish 2-aIlylphenolic derivative. 

[00190] Method E: To a stirred solution of ester (87.46 mmol) in methanol (460 mL) was 
added lithium hydroxide solution (459.16 mmol) in wat«r (231 mL). After stirring 24 h at room 
temperature, solvent was removed in vacuo and the residue was dissolved in water (600 mL). The 
aqueous layer was extracted with methylene chloride or etiier and the organic layer discarded. 
The aqueous layer was acidified witii aqueous 1 N HCl at 0 ""C. The precipitated solid was 
filtered and dried under high vacuum to give the corresponding apid. If there was no precipitation 
of soUd, the aqueous layer was extracted with organic solvent. 

[00191] Method F: To a stirred solution of appropriately protected amino acid (2.32 mmol) 
m DMF (10 mL) O-benzyl hydroxylaminehydrochloride (2.32 mmol) and HATU (2.32 mmol) 
were added, followed by DIEA (1 1.60 nmiol). The reaction mixture was stirred at room 
tempraature for 12 h then partitioned between brine (150 mL) and EtOAc/Hexane (3:1, v/v, 
200 mL). The layers were separated and the organic layer was washed with 0.5 N HQ (150 mL), 
saturated aqueous NaHCQs (150 mL), H2O (150 mL) and then brine (150 mL). The organic layer 
was dried over M gS04 and then the solvent was removed in vacuo to give the desired protected 
hydroxamate. 

[00192] Method G: A solution of Boc-protected hydroxamate m 4.0 M hydrochloric acid 
m dioxane (1 .87 mmol) was stirred for 30 min at 0 °C. The reaction mixture was slowly wanned 
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to room tenq>eratureivMe Stirring fo^ Thedioxanevvasremoveai/imc^^totuiiusli 
the amine hydrochloride salt 

[00193] Method H: To a solution of benzyloxyamide, 0-bcnzyl derivative, alkene, or 
alkyne (0.05 mmol) in methanol (10.0 mL) at room temperature 10% palladium/carbon (Pd/C) (5 
mg) was added and the reaction was stirred under hydrogen atmosphere for 1 h. The reaction was 
filtered through a pad of celite and washed with methanoL The combined filtrate was 
concentrated in vacuo to get the desired product N-hydroxyamides were purified by preparative 
HPLC. 

(00194] Method I: To a stirred solution of hydroxy acid (Example 10, Step 1, 600 mg, 
2.50imnol) m THF (10 mL) at 0 ''C NaH was added in small portions (180 mg, 7.50 nmiol) and 
the reaction was stirred at 0 °C for 30 min. Alkyl or aryl alkyl bromide (7.50 mmol) was added 
and the reaction was slowly warmed to room temperature while stuiing for 14 h. The reaction 
'mixture was quenched with methanol (MeOH) (S mL), diluted with water (5 0 mL), and the 
aqueous layer was acidified to pH 5 with IN aqueous HQ solution. The aqueous layer was 
extracted with efhyl acetate (EtOAc) (3 x 50 mLX the combined organic layer was dried over 
MgS04, and concentrated in vacuo to fiimish the allcylated product 

[00195] Method J: To a suspension of Wittig salt (2.98 mmol) m THF (10 mL) at 0 X 
lithium hfixamethyldisilazide (LiHMDS) (1.0 M in THF, 2.98 mL, 2.98 mmol, 2.5 eq.) was added 
over the course of 60 sec. After stirring for 20 min at 0 **C the solution of ylide was cooled to - 
78 ®C and treated with a solution of 3,4-<limethoxy-5-(3-oxopropyl)benzoic acid methyl ester (300 
mg, 1.19 mmol) in THF (5.0 mL). After 30 min at -78 °C the solution was stirred at room 
temperature for 30 min. The reaction mixture was diluted with EtzO (1 00 mL), washed with 
water (100 mL), brine (100 mL), dried MgS04, and concentrated in vacuo. The crude product 
was purified by flash colmnn chromatogr^hy on silica gel using 20% EtOAc in hexanes as an 
eluent to fimiish the desired alkene. 

[00196] Method K: To a stined solution of NaNOa (221 mg, 2.6 mmol) in TEA (25 mL) at 
0 ®C alkoxybenzene (2.6 mmol) was added in one portion. The reaction mixture was continued 
stirring at 0 °C for 1 h and then at room temperature for 3 h. The reaction mixture was diluted 
with H2O and extracted with EtOAc (3 x 70 mL). The combmed organic layer was washed with 
aqueous solution Na2CQ3 (2 x 1 00 mL) and brine (200 mL). The organic layer was dried over 
Na2S04 and then concentmted in vacuo to furnish the desired product 

[00197] Method L: To a stirred solution of anilme C2. 1 1 mmol) m dioxane (5.0 mL), H2O 
(2.0 mL) and concentrated H2SO4 (0.3 mL) were added. The resulting solution was cooled to - 
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5 using ice/sah bath and then added, dropwise, was a solution of NaNOi (O.iS g) in H2O 
(2.0 mL) over 20 min period. During this time the internal temperature of the reaction 
was maintained at -5 *^C. After the addition was complete, the reaction mixture was stirred at - 
5 "^C for 1 h and then was poiired on to a ice cold solution of Nal (600 mg) in H2O (8,0 mL). The 
resulting mixture was warmed to room temperature, stirred for 30 min and then extracted with 
EtOAc (3 X 70 mL). The combined organic layer was washed with brine, dried over Na2S04 and 
then concentrated in vacuo to furnish the desired iodide. 

[00198] Method M: To a stirred solution of halobenzene (1 .57 mmol) in THF (1 5.0 mL) at 
-78 was added ii-BuLi (2.0 mL^ 3.42 mmol, 1 .6 M solution in hexane), dropwise. The 
resulting mixture was stirred at -78 °C and then treated with CO2 g^s for 3 0 min (bubbled at 
5mL/sec). Thet^nperature was slowly raised to room temperature (over 40 min) with conti^ 
bubbling of CO2 gas. The reaction mixture was qomched with saturated aqueous NH4CI solution 
(100 mL) and tiien added to an aqueous solution ofKCL (1.0 M, 100 mL). The acpieous layer was 
extracted witii EtOAc (3 x 70 mL), the combined organic layer was washed witii brine (100 mL), 
dried over NiizS04, and then concentrated m vacuo to get the desired acid. 

[00199] Method N: To a solution of phenol (2.25 mmol, 1 eq.) in CH2CI2 (10 mL) at -20 
was added EtsN (1 .57 mL, 11 .3 mmol, 5 eq.) followed by triflic anhydride (TfjO) (0.42 mL, 
2.48 romol, 1 . 1 eq.). The reaction was stirred at -20 'C for 45 min tiien partitioned between 
HaOrbrine (3:1, 200 mL) and EtzO (150 mL). The layers were separated and die orgaruc layer 
was washed witii 1 .0 N HCl (2x150 mL), brine (100 mL), dried MgS04 and concentrated 
in vacuo to give the desired product 

[00200] Method O: To a round bottom flask contaimng Pd(PPh3)4 (9.5 mg, 0.008 mmol, 
0.03 eq.), LiCl (35 mg, 0.82 mmol, 3 eq.) and 2,6-di-r^-butylphMiol (1.5 mg, polymerization 
inhibitor) was added a solution of triflate (128 mg, 0.27 mmol, 1 eq.) in dioxane (4.0 mL) 
followed by tributylvmyltin (88 jiL, 0.30 mmol, 1 . 1 eq.). The resultmg mixture was evacuated 
(needle to pump) for 30 sec, purged with N2 (balloon) tiien warmed to 100 *C. After 3 h, the 
reaction was cooled to 23 "C then treated witii KF (500 mg), H2O (5.0 mL) and MeOH (5.0 mL). 
After stirring for 2.5 h at 23 'C the mixture was filtered through a pad of CeUte, washed witii Et20 
(100 mL). The resulting organic solution was partitioned between EiiO (1 00 mL) and H2O 
(100 mL). The layers were separated and the organic layer was washed with 1.0 N HCl (50 mL), 
brine (50 mL), dried MgS04 and concentrated in vacuo. 

[00201] Method P: To a stirred solution of liiflate or iodide (0.20 mmol, 1 eq.), 
phenylboronic acid (0.23 mmol, 1.2 eq.) and Pd(PPh3)4 (11 mg, 0.01 mmol, 0.05 eq.) in DME 
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(2.0 mL) at 23 was added to aqueous NaiCOs (2.0 M, 6.50 wl^ iW nanot 5 eqO. tbe 
resulting mixture was subj ected to vacuum (needle to pump) fi>r 3 0 sec, tfien the vacuum was 
broken withN2 (balloon). Reaction mixture was wanned to 60 ^C. After 2 h the reaction was 
cooled to 23 flien partitioned between H2O:1.0 N HCl (1:1, 150 mL) and EiiO (150 mL). The 
layers were separated and the organic layer was washed with 1 .0 N HCl (100 mL), brine (50 mL), 
dried MgS04 and concentrated in vacuo. 

[00202] Method Q: The stirred sloution of acid in MeOH (10 mL) at 0 treated with 2.0 
M TMSCHNi (excess). After 30 min, TLC analysis revealed complete conversion of acid to 
rnethyl ester. Solvent was removed in vacuo to afford the desired ester. 

[00203] Method R: To a stirred mixture of triflate or iodide (0.32 mmoU 1 eq.), alkyne 
(1.61 mmol, 5 eq.), Cul (6.1 mg, 0.032 mmol, 0.1 eq.) and Pd(PPhs)2Cl2 (11 mg, 0.016 mmol, 
0.05 eq.) in DMF (3.0 mL) at 23 *C was added EtaN (0.13 mL, 0.96 mmol, 3 eq.). The resulting 
mixture was warmed to 60 *C in a sealed tube under N2 atmosphere (round bottom flask was used 
for high boiling alkyne derivatives). After 2.5 h flie reaction was cooled to 23 *C tiien partitioned 
between H2O (100 mL) and EtiO (150 mL). The layers w^ separated and the (»ganic layer was 
washed witii 1 .0 N HCl (100 mL), brine (50 mL), dried MgS04 and concentrated in vacuo to yield 
the desired product 

[00204] Method S: To a stirred solution of acid (0.99 mmol) in THF (5 mL) at 23 was 
added 4-methylmorpholine (253 pL, 2.32 nmiol, 2.3 eq.) and the reaction mixture was cooled to - 
15 °C. To this reaction mixture was added isobutylchlofbnnate (297 |iL, 2.32 mmol, 2,3 eq.) 
dropwise over 30 min, then the reaction mixture was stirred at -15 °C for 1 h. The reaction 
mixture was filtered and washed with THF (40 mL)» then the filtered solid was discarded To the 
filtrate was added a suspension of NaBH4/H20 at 0 ^C, and the reaction mixture was stirred 
overnight. The reaction mixture was povu^ into 1.0 N HCl (lOO.mL) and extracted with ethyl 
ether (2 x 100 mL). The organic layer was washed with brine (2 x 80 mL), dried MgS04, and 
concentrated to yield desired product 

[00205] Method T: To a stirred solution of alcohol (0.48 nmiol) in EtOAc (3 mL) at 0 
was added triethylamine (0.2 mL), and then stirred for 15 min. Metbanesulfonic anhydride (124 
mg, 0.71 mmol, 1 .5 eq.) was added and the reaction mixture was stirred for another 30 min. The 
reaction mixture was quenched by adding saturated aqueous sodium bicarbonate (5 mL) and 
stirred for 1 5 min. The resulting mixture was diluted with EtOAc (200 mL), washed with H2O 
(ISO mL), and brine (ISO mL). The organic layer was dried MgS04 and concentrated iv vacuo to 
yield the desired product. 
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[00206] Method U: To a stirred suspension of amine hydrochlbricfe (D.34 mmof, ff.TeqT), 
potassium carbonate (145 mg, 1 .06 mmol, 2.2 eq.), potassium iodide (6.7 mg, 0.04 mmol, 0.1 eq.) 
in DMF (3 mL) was added the mesylate (0,48 mmol, 1 eq.), and the reaction mixture was stirred 
at 23 overnight. The reaction mixture was diluted with water and extracted with ether. The 
organic layer dried over MgS04 and concentrated in vacuo to yield the desired product 

[00207] Method V: To a stirred solution of acid (4.50 mmol) in dichloromethane (40 mL) 
at room temperature was added oxalyl chloride (2.0 M solution in CH2CI2, 2.9 mL, 5.80 mmol, 
1 3 eq.) and the reaction mixture was cooled to 0 in an ice bath. To this was added a drop of 
DMF and tiie reaction mixture slowly attained room temperature over a period of 4 h. Solvent 
was removed tn vacuo and the residue was dried under hig^ vacuum. 

(00208] Method W: To a stined solution ofaminehydrocUoride (1.58 mmol) mTHF 
(2.5 mL) at 0 °C was added trietiiylamine (0.5 mL), and the reaction mixture was stirred fior 30 
min. A solution of add chloride (1.58 rnmol, 1 eq.) in THF (12 mL) was added dropwise, and tiie . 
reaction attained room temperature overnight This was diluted with dichloromediane (200 mL), 
washed with H2O (150 mL), saturated sodium bicaifoonate (150 mL), and brine (150 mL). The 
oigamc layer was dried MgS04 and concratrated in vacuo to yield the desked incoduct 

Example 1 

Preparation of l-(3,4-dimedioxy-5-propylbenzoyl)pyrrolidme-2R-K>arb^ acid hydroxyamide 



H3C 




[00209] Step 1 : 4-allyloxy-3-methoxybenzoic acid methyl ester was prepared from 4- 
faydroxy«3-methoxybeozoic acid methyl ester in 96% yield by following Method C. The reaction 
was conducted at room temperature for 4 h. The resulting product was used without further 
purificatioa 

[00210] Step 2: 3-AUyl-4-hydroxy-5-methoxybenzoic acid methyl ester was prepared fiom 
4-allyloxy-3-metfaoxyfoenzoic acid methyl ester in 93% yield by following Method D. Ihe 
reaction was heated at 200 °C for 2 days for coniplete conversion of the starting material. The 
resulting product was used without further purification. 
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[00211] St^ 3: 4-Hydroxy-3-methoxy-S-pn>pylbeD2oic acid mettiyl estser was prepared 
from 3-allyl-4-hydroxy-5-methoxybKi2oic acid mefliyl ester by following Mediod H in 98% 
yield* The reaction was stilted at room temperature for Sk The resulting product was used 
without further purification. 

[00212] Step 4: 3,4-Dunethoxy-5-propylbenzoic acid methyl ester was prepared from 4- 
hydroxy-3-methoxy-5-propylbenzoic acid methyl ester using methyl iodide as an alkylating agent 
in 99% yield by following Method C. The reaction was conducted at room temperature for 4 h, 
for complete conversion of starting material. The resulting pixnluct was used without furflier 
piirification. 

100213] Step 5: 3,4-Dimethoxy-5.propylbenzoic acid was prepared from 3,4-dimethoxy-5- 
propylbenzoic acid methyl ester by following Mediod E in 94% yield. The reaction was 
conducted at room temperature for 24 h. The product was used without further purification. 

[00214] Step 6: 2R-Benzyloxycatbamoylpytrolidine-l-carboxylic acid ferf-butyl ester was 
prepared fiom Boc-D-proline by following Mediod F in 84% yield. The resultmg product was 
without fiuther purificatioiL 

[00215] Step 7: 2R-Ben2yloxycarbamoylpyrrolidine hydrochloride salt was prepared from 
2R-ben2yIoxycarbamoylpyrrolidine-l-carboxylic acid tert-butyl ester by following Metiiod G in 
99% yield. The product was used without further purification. 

[00216] Step 8: K3,4-IMme1hoxy-5-propylben2oyl)pyrroMdine-2RsMttbox^^ add 
benzyloxyamide was prepared by coupling 2R-benzyloxycatbamoylpynolidine hydrochloride salt 
with 3,4-dime1boxy-5-propylbenzoic add according to Mediod A. Hie reaction was stirred at 
room temperature for 1 2 h and tiie resulting product .was purified by column chromatogmphy 
(75% EtOAc in hexane) to yield the desired product in 36% yield. Electrospray Mass 
Spectrometry (ESMS); m/z 449.5 [M + Na]. 

[00217] Step 9: H3,4-Dimethoxy-5-propylbCTZoyl)pyrrolidine-2R-carboxylic acid 
hydroxyamide was prepared firom l-(3,4-<iimetho3cy-5-propyIbenzoyi)pyrrolidine-2R-<5aA 
acid benzyloxyamide according to Method H. ESMS: m/z 359 A [M + Na]. *H NMR (300 MHz, 
CD3OD): 7.01 (4 1.8 Hz, IH), 6.94 (d, 1.8 Hz, IH), 4.32 (t, 7 Hz, IH), 3.76 (s, 3H), 3.71 (s, 3H), 
3.60 (m, IH), 3.45 (m, IH), 2.51 (t, 7 Hz, 2H), 2.2 (m, IH), 1.92 (m, 2H), 1.8 (m, IH), 1.51 (q, 7 
Hz,2H),0.84(t,7Hz,3H). 

Example 2 

Preparation of l-(3,4-dimetiioxy-5-propylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide 
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[00218] Step 1 : To a stined suspension of azetidm&-2R-carboxylic acid (504 mg, 
4.99 xnmol) in MeOH (20 mL) at thionyl chloride (0.90 mL) was added over the course of 1 
min. After 50 inin die reaction was warnied to 23 ^C, stirred for a further 17 h,tben concentrated 
in vacuo to give azetidii}e-2R-caibo^lic acid methyl ester as hyckodiloride salt (hygroscopic). 

[00219] Step 2: 1 -(3,4-Diniettioxy-5-prop^benzoyl)azetidine-2R-carboxylic acid methyl 
ester was prq)ared fiom 3,4-dimethoxy-5-piopylben2X)ic acid (Example 1, Step 5) and azetidine- 
2R-carboxylic acid mefliyl ester hydrochloride salt by following Method A in 81% jdeld. The 
product was used without forther purification. ESMS: m/z 322 A [M + H|. 

[00220] . Step 3: l-(3,4-Dimethoxy-5-piopylbenzoyl)azetidme-2R-carboxylic acid 
hydroxyamide was prq>arcd &om l-(3,4-dimethoxy-5-propylbenzoyl)azetidine-2R-carboxylic 
acid methyl ester in 5 h by following Method B. ESMS: m/z 323 A [M + H]. NMR (300 MHz, 
CDCI3): 7.09 (s, IH), 7.0 (s, IH), 5.04 (m, IH), 4.2-4.40 (m, 2H), 3.87 (s, 3H), 3.85 (s, 3H), 2.8 
(m, IH), 2.6 (m, 2H), 2.5 (m, IH), L6 (m, 2H), 0.94 (t, 7.5 Hz, 3H). 

Examples 

Preparation of H9-mefhoxy-2,5-dihydrobenzo[b]oxepine-7'^bonyl)azetidine-^^ 

acid hydroxyamide 




[00221] Step 1 : 3-Allyl-4-allyloxy-5-methoxybenzoic acid methyl ester was prepared &om 
3.allyl-4-hydroxy-5-methoxybenzoic acid methyl ester (Example 1, Step 2) by followmg Method 
C in 95% yield. The reaction was conducted at 80 °C for 8 h for complete conversion of starting 
material to give 3-alIyl-4-aIlyloxy-5-methoxybenzoic acid methyl ester in 95% yield. The product 
was used without further purification. 

[00222] Step 2: 3-Allyl-4-allylo3^-5-meflioxybenzoic acid was prepared from 3-allyl-4- 
all^oxy-Sntnethoxybenzoic acid methyl ester using Method E in 85% yield. The reaction was 
conducted at room temperature for 1 8 h. The product was used without fiirther purification. 
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[00223) Step 3 : To a stirred solution of 3-allyl-4-ally]oxy-5-meEhoxybeDZoic acfef (20D mg, 
0.81 mmol) in CH2CI2 ^0 mL) at room tenqperatme was added benzylidene-bis- 
(tricyciohexylphosphinc)ddiloiorirthcnium (Gmbb's catalyst, 35 mg, 0.04 mmol, 0.05 eq.). After 
stirring for 2 h tiie reaction was diluted with EtOAc (150 mL) then extracted with 2.0 N NaOH 
(100 mL), Aqueous layer was treated with brine (100 mL) then acidified to pH 5 using l.ON 
HCl. The aqueous layer was then extracted with EtOAc (2 x 200 mL). The organic layer was 
dried over MgS04 and then concentrated in vacuo to afford 9-methoxy-2,5- 
dihydrobenzo[b]oxepine-7-carboxylic acid (179 mg, 100%) which was used without further 
purification 

[00224] Step 4: l<9-Meflioxy-2,5-dihydrDben2o[b]oxepine^7'<arbonyl)azetidin 
2R-carboxylic acid methyl ester was prepared by reacting 9-me1faoxy-2,5- 
dihydrobenzo[b]oxepine-7-carboxyIic acid and azetidine-2R-carboxylic acid methyl ester 
hydrodbloride salt according to Method A in 14% yield. 

[00225] Step 5: H9-Methoxy-2^-dihydrobenzoIb]oxq;>ine-7-<arbonyl)a2£tid^ 
2R-carboxylic acid hydroxyamide was prepared &om l-(9-methoxy-2,S-dihydmbenzo|b]oxepme- 
7-carbonyl])azetidine-2R-carbo^lic add metii^d ester according to Method B. The reaction was 
con^lete in 4.5 L The crude product was purified by prepiarative HPLC to fiurnish \'(9'mGihoxy'' 
2,5Hlihydrobenzo[b]oxepine-7-carbonyl)azetidine-2R-carbo acid hydroxyamide in 32% 
yield. ESMS: w/z 319.4 [M + H]. 'HNMR(300 MHz, CDCI3): 7.12 (bs, IH), 6.95 (bs, IH), 5.84 
(m, IH), 5.5 (m, IH), 5.02 (m, IH), 4.62 (s, 2H), 4.40 (m, IH), 4.24 (m. IH), 3,88 (s. 3H), 3.49 
(m, 2H), 2.83 (m, IH), 2.52 (m, IH). 

Example 4 

Preparation of l-(3-anyl-4-allyloxy*5-methoxybenzoyl)azetidine-2R-carboaylic arid 

hydroxyamide 




100226] Step 1 : l-(3-AUyl-4-allyloxy-5.methoxybenzoyl)azetidine-2R-<»rboxyl^^ acid 
methyl ester was prepared from the a2etidine-2R-carboxylic add methyl ester hydrochloride salt 
and 3-allyl-4-allyloxy-5-methoxyben2oic acid (Example 3, Step 2) by following Method A usmg 
dichloromethane (DCM) as a solvent in 67% yield. ESMS: m/z 346 (M + H]. 
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[00227] Step 2: l-(3-Myl-4-aUyloxy-5-methoxyben2oyl)a2eti<^ 
hydro^g^amide was prepared fiom l-(3*allyl-4-allyloxy-S-methoxybeDzoyl)azetidine- 
2R-carboxyIic acid mediyl ester using Method B in 51% yield The methyl ester was converted to 
the conesponding hydroxamate in 4 h. ESMS: m/z 345.5 (M - 1]. 'H NMR (300 MHz, CDCI3): 
7-10 (s, IH), 7.0 (s, IH), 5.82-6.09 (m, 2H), 5.21 (m, 2H), 4.99-5.07 (m, 3H), 4.50 (d, 6.0 Hz, 
2H), 4.16-4.40 (m, 2H), 3.84 (s, 3H), 3.38 (d, 6.6 Hz, 2H), 2.50 (bm, IH), 2.49 (bm, IH). 

Example 5 

Prq>aration of l-(3,4,5-triethoxybenzoyl)azetidine-2R-carboxy]ic acid hydioxyamide 




[00228] Step 1 : 1 -(3,4,5-Triethoxybenzoyl)azetidine-2R-carboxylic acid methyl ester was 
prepared by coi^ling azetidine-2R-cart)0xylic acid mefliyl ester hydrochloride salt with 3,4,5- 
triethoxybenzoic acid according to Method A in 60% yield using DCM as a solvent. This was 
used without further purification. ESMS: 35 1 [M + H]. 

[00229] Step 2: l-(3,4,5-Triethoxybenzoyl)azetidine-2R-caiboxylic acid hydroxyamide was 
prepared fi*om the l-(3,4,5-trietlioxybenzoyl)azetidine-2R-carboxylic acid methyl ester by 
following Method B in 70% yield. The methyl ester was converted to the conresponding 
hydroxamate in 4 h. ESMS: m/z 351.5 (M - H). ^H NMR (300 MHz, CDCI3): 6.79 (s, 2H), 4.96 
(m, IH), 4.37 (m, IH), 4.19 (m, IH), 4.08 (m, 6H), 2.73 (m, IH), 2.46 (m, IH), 1.35 (m, 9H). 

I^ample6 

Preparation of l-(3,4,5-trimethoxybenzoyl)azetidine-2R-carboxyUc acid hydroxyamide 




[00230] Step 1 : l-(3,4,S-Trimethoxybenzoyl)azetidme-2R-carboxylic add methyl ester was 
prepared by coupling azetidme-2R-carbo>orlic acid methyl ester hydrochloride salt with 3,4,5- 



63 



wo 2004/007444 



PCTAJS2003/021838 



trimethoxybenzoic acid according to Method A. This product was used without turtber 
purification. ESMS: m/z 332.4 [M + Na]. 

[0Q231] Step 2: 1 -(3 A5-Trimeth03qfbenzoyl)azetidine-2R-carboxylic acid hydroxyamide 
was prepared ftom the l-(3 A5-trimethoxyben2»yl)a2etidine-2R-carboxylic acid methyl ester by 
foUowing Method B in 5 h. ESMS: m/z 333.4 [M + Na]. NMR (300 MHz, DMSO-da): 10.99 
(bs, IH), 7.11 (bs, 2H), 5.0 (bs, IH), 4.8 (hm, IH), 4.6 (bm, IH), 43 (hm, IH), 3.99 (s, 6H), 3.89 
(s,3H),226(hm,2H). 

Example? 

Pieparatioii of l-(3,4Hiimetho^-S<-propyIbeiizyl)azetidine-2R-c^^ acid hydroxyaxnide 




[00232] St^ 1: To a stirred solution of methyl 3,4-dimetho3qr-5-propylbaizoic acid methyl 
ester (Example 1, Step 4, 6.0 g, 25.2 mmol) m DCM (400 mL) at -78 X was added DIBAH (1.0 
M in toluene, 76 mL, 76 mmol). The reaction mfarture was stined at -78 "^C for 30 min then 
quenched wi&EtOAc (SO mL>. Tlie quenched reaction was warmed to room tempeiiata^ 
treated wift 1 :1 saturated aqueous potassium tartrate/saturated aqueous sodium bicaibcmate 
(400mL). The biphasicDuxture was stirred vigoromly for 30 min then ^ The 
aqueous layer was extracted wifli BtOAc (300 mL), tfan the combined organic layer was dried 
over MgS04, and concentrated to give 3,4-dimethoxy-'S-propylbenzylaIcohol (5.42 g, 100% 
yield). The product was iised without fiulher purification. 

[00233] Step 2: To a stirred solution of 3,4-dimethoxy-5-propylbenzylalcohol (171 mg, 
0.82 mmol) in CH2CI2 (5.0 mL) at room temperature was added triethylamme (0.23 mL, 
1.63 mmol) followed by methanesulfonyl chloride (95 |4L, 1,22 mmol, 1 .5 eq.). After 30 min the 
reaction mixture was diluted with hexanes (20 mL) and filtered through a pad of silica gel. The 
pad was tiien washed with 25% EtOAc in hexanes (100 mL). The combined organic filtrate was 
then concentrated to give methanesulfonic acid 3,4-dimethoxy-5-propylben2yl ester (122 mg) as 
oil, which was used without fiuther purification. 

[00234] Step 3: To a solution of meflianesulfonic acid 3,4-dunethoxy-5-propylbenzyl ester 
(122 mg, 0.52 mmol) in DMF (3 .0 mL) at room tenoperature was added DIEA (0.28 mL, 
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1.56 imnol) followed by azetidine-2R-carboxylatc hydrochlonde salt (94 mg, 0.62 mmol). After 
2 days, the reaction mixture was concentrated to give l-(3,4-dimethoxy-5-propylbenzyl)azetidine- 
2R-carrboxylic acid methyl ester. This was used without further purification. 

[00235] Step 4: l-(3,4-Dimethoxy-5-propylbenzyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared fix)m l-(3,4-dimethoxy-5-propylben2yl)azetidine-2R-carboxylic acid 
methyl ester by foUowing Method Bin 5.5 h. ESMS: m/z 309.4 [M + H]. ^HNMR(300MHz, 
CD3OD): 6.82-6.98 (m, 2H), 4.29 (s, 2H), 4.17 (m, 2H), 4.00 (m, IH), 3.87 (s, 3H), 3.77 (s, 3H), 
2.45-2.88 (m, 4H), 1.60 (m, 2H), 0.94 (t, 7.5 Hz, 3H). 

Examples 

Preparation of l-(3,5-dimethyl-4-nitrobenzoyl)azetidine-2R-catboxylic acid hydroxyamide 




[00236] Step 1 : l-(3,5-Dimethyl-4-mtrobenzoyl)azetidine-2R-carboxylic acid methyl ester 
was prepared by reacting azetidine-2R-carboxyIic acid methyl ester hydrochloride salt with 3,5- 
dimeftyl-4-nitrobenzoic acid according to Method A. The product was used without further 
purificatioa ESMS: m/z 293.4 [M + H]. 

[00237] Step 2: l-(3,5-Dimetfay]-^-]utrobeDzoyl)az^dine-2R-caibo}7^ acid 
hydroxyamide was prepared fiom l-(3,5Klimefhyl-4-mtrobenzoyl)azetidme-2R-«arboxylic acid 
mediyl ester by foUowing Method B. The methyl ester was converted to the conesponding 
hydroxamateinSh. ESMS: m/^ 3 16.4 [M+Na].'HNMR (300 MHz, CP3OD): 7.55 (bs, IH), 
7.35 (bs, 2H), 7.32 (s, IH), 4.79 (m, IH), 4.40 (m, IH), 4.16 (m, IH). 2.58 (m, IH), 2.36 (m, IH), 
2.28 (bs, 6H). 

Exan^le 9 

Preparation of l-(3,5-dimethoxy-4-methylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide 




0CH3 

6S 
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[00238] Step 1 : H3,5-Dimetho30^'4-mcthyIbenzoyl>azeaam acia metnyl 

estenvas prepared by coupling azetidine-i2R-carboxylic acid methyl est» hydiochloride salt vdth 
3,5-'diinethoxy-4-methylbeii2oic acid according to Method A. This product was used without 
finther purification. ESMS: m/z 294.4 [M + H]. 

[00239] Step 2: l.(3^-Dimethoxy-4-niethylben2oyl)azetidine-2R-carboxylic acid 
hydioxyamide was prepared fit)in l-(3,5'<iimethoxy-4-methylbenzoyl)a2etidine-2R-carboxylic 
acid methyl ester by following Method B in 5 h. ESMS: w/z 3 1 7.4 [M + Na]. *H NMR 
(300 MHz, CD3OD): 656 (s, IH), 6.87 (bs, 2H), 6^69 (bs, IH), 4.79 (m, IH), 4.50 (m, IH), 4.17 
(m, IH), 3.82 (s, 3H), 3.81 (s, 3H), 230-2.7 (m. 2H), 2.03 (bs, 3H). 

Example 10 

Preparation of l-I3-(34iydioxypropyl)-4,5-4imethoxybenzoyl]az^^ add 

hydroxyamide 




[00240] Step 1 : To a solution of 3-allyl-4,S-dimethoxyfoenzoic acid mediyl ester 
(Example 30, Step 1, 10.2 g, 43,2 mmol) in THF (100 mL) at 0 °C was added BH3«SMe2 
(4.10 mL, 43.2 mmol). After 45 min the reaction mixture was wanned to 23 °C. After stirring for 
1,2 h the reaction was cooled to 0 ^^C and slowly treated with 3.0 N NaOH (39 mL) followed 10 
min later by addition of H2O2 (30 weight %, 60 mL). Following the addition, the mixture was 
allowed to reach 23 **C, then heated to reflux for 2 h. After cooling to room temperature, the 
mixture was partitioned between brine (400 mL) and EtOAc (500 mL). The aqueous layer was 
separated and extracted with EtOAc (400 mL). The organic layer was discarded and the aqueous 
was adjusted to pH 5 by addition of 1.0 N HCl then the product was extracted with EtOAc (2 x 
500 mL). The organic layer was dried over MgS04 and then concentrated in vacuo to give 3-(3- 
hydroxypropyl)-4,5-dimethoxybenzoic acid (9.24 g, 89%) of the desired alcohol, which was used 
without further purification. ESMS: m/z 2393 [M - H]. 

[00241] Step 2: l-[3-(3-Hydroxypropyl)-4,5-dimelhoxybenzoyl]azetidine-2R-carboxylic 
add methyl ester was prepared by coupling azetidin&-2R-carboxylic acid methyl ester 
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hydrochloride salt with 3-(3-hydroxypropyl)-4,5-dimethoxyt)enzoic acia accoitiing to Metnod A 
and the crude pioduct was used without further purification. ESMS: miz 338.4 [M + H], 

[00242] Step 3: l-[3-(3-HydroxypropylH*5-dunethoxybenzo)d]azetidine-2R-^ 
acid hydroxyamide was prepared from l-[3-(3-hydroxypropyl)-4,5-dimethoxybenzoyl]azetidine- 
2R-carboxjdic acid methyl ester accordmg to Method B in 12 k ESMS: m/z 339.4 jM + H]. 
NMR(300 MHz, CD3OD): 7.18 (s, IH), T.14 (s, IH), 4.82 (bm, IH), 4.47 (bm, IH), 4.22 (hm, 
IH), 3.86 (s, 3H), 3.82 (s, 3H), 3.55 (t, 7 Hz, 2H), 2.69 (bt, 7 Hz, 2H), 2.57 (hm, IH), 2.37 (bm, 
lH).1.78(m,2H). 

Example 11 

Prq)aration of H3-trifluoromethoxybenzoyl)azetidme-2R-caiboxylic acid hydroxyamide 




[00243] Step 1 : l.(3-Trifluoromethoxybenzoyl)azetidine-2R-caiboxylic acid methyl ester 
was prepared by coupling azetidine-2R-carboxylic acid methyl ester hydrochloride salt with 
3-trifluoromethoxybenzoic acid according to Method A and the product was used without fiirther 
purification. ESMS: m/z 304.4 [M + H]. 

[00244] Step 2: l-(3-Trifluoromethoxyben2oyl)azetidine-2R-carboxylic acid hydro^gramide 
was prepared fiom l*(3-trifluoromettioxyfoenzoyl)azetidine-2R-carboxylic acid methyl ester 
according to Method B in 12 h. ESMS: m/z 327.3 [M + Na]. 

[00245] ^H NMR (300 MHz, CD3OD): lATt-ll^ (m, 4H), 4.82 (bm, IH), 4.44 (hm, IH), 
4.22 (hm, IH), 2.61 (hm, IH), 2.38 (bm, IH). 

Example 12 

Preparation of l-(3,5-<libK)mo-4-methylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide 




Br 

[00246] Step 1 : l-(3,5-Dibromo-4-metfaylbenzoyl)azetidine-2R-carboxylic acid methyl 
ester was prepared by coupling azetidine-2R-carboxylic acid methyl ester hydrochloride salt with 
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3,5-dibiomo-4-methyIbeiizDic acid according to Method A. l liis product ivas used without 
furflier purification. ESMS: 392^ [M + HJ. 

[00247] Step 2: 1 -(3,5-Dibromo-4-methylbenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared bom l-(3,5-dibromo-4-methylbenzoyl)azetidine-2R-carboxylic acid 
methyl ester by foUowing Method B in 5 h. ESMS: m/z 393.1 [M + H]. NMR (300 MHz, 
CD3OD): 7.75 (bs, 2H), 4.75 (m, IH), 4.37 (m, IH), 4.20 (m, IH), 2.62 (s, 3H), 2.60 (bm, IH), 
2.33 (bm, IH). 

Example 13 

Preparation of l-(3-methoxy-4-metfaylbenzDyl)azetidine-2R-carboxylic add hydroxyamide 




[00248] Step 1 : l-(3-Methoxy-4-methyibenzoyl)azetidine-2R-carboxylic acid methyl ester 
was prqjared by coupling azetidine-2R-caiboxylic acid methyl ester hydrochloride salt with 3- 
methoxy-4-methylbenzoic acid according to Method A. The product was used without further 
purification. ESMS: m/z 264.4 [M + H]. 

[00249] Step 2: l-(3-MethDxy-4-methylbenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared from l-(3-mefhoxy-4-methyIbexizoyl)azetidine-2R-carboxylic acid 
methyl ester by following Method B in 6.5 h. The reaction was monitored by analytical HPLC. 
ESMS: m/z 265 A [M + H]. NMR (300 MHz, CD3OD): 7.06-7.10 (m, 3H), 4.71 (m, IH), 4.37 
(m, IH), 4.10 (m, IH), 3,75 (s, 3H), 2.49 (m, IH), 2.26 (m, IH), 2,11 (s, 3H). 

Exanq>le 14 

Preparation of 1 -(3,5-dimethylbenzoyl)azetidine-2R-carboxylic add hydroxyamide 




[00250] Step 1: l-(3,5-Dimethylbenzoyl)azetidine-2R-carboxylic acid methyl ester was 
prepared by coupling azetidme-2R-carboxylic acid methyl ester hydrochloride salt with 3,5- 
dimethylbenzoic acid according to Method A. This product was used without further purification. 
ESMS: m/z 270 A [M + Na]. 
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[00251] Step 2: l-p^-Dimethylb«izoyl)azetidine-2jK.-wuwAyii\; owiu ujuivAjrouuuc woa 
iwepared fiom tfie l-(3,5-dimeliiylbai2oyl)a2Btidine-2R-caiboxyKc add methyl ester by folIoMdng 
Method B in 6.5 h. ESMS: 271.4 [M + Na]. 'H NMR (300 MHz. CD3OD): 7.19 (s, 2H). 7.06 
(s, IH), 7.0 (s, IH). 4.66 (m, IH), 4.29 (m, IH), 4.02 (m, IH), 2.42 (m, IH), 2.28 (m, IH), 2,19 (s, 
6H). 



Example IS 

Preparation of l-(4-hydroxy-3-meflioxy-5-propylbenzoyl)azetidme-2R-carl)oxylic add 

hydroi^amide 

pH 
-NH 




Ha 



[00252] Step 1 : 4-Hydroxy-3-methoxy-5-propylbenzoic acid was prepared fix)m 4-hydroxy- 
3-methoxy-5-piopylbenzoic acid methyl ester (Example 1 , Stq) 3) by following Method E in 
quantitative yield. The reaction was conducted at room temperature for 16 h. The product was 
used without further purificatioiL 

[00253] Step 2: l-(4-Hydioxy-3-methoxy-5-propylben2oyl)azetidine-2R<arbox^^ acid 
methyl ester was prepared by couplmg azetidine-2R-carboxylic acid methyl ester hydrochloride 
salt with 4-hydioxy-3-methoxy-5-propylbenzoic acid according to Method A. This product was 
used without fiirther purification. ESMS: m/r 330.4 [M + Na], 

[00254] Step 3: l-(4.Hydroxy-3-methoxy-5-prqpylbenzoyl)a2Ktidine-2R-c^ add 
hydroxyamide was prepared firom l.(4-hydroxy-3-mettioxy-5-propylbenzoyl)azetidine- 
2R-carboxylic acid methyl ester by followmg Mefliod B m 5 h. ESMS: 33 1.4 [M + Na], *H NMR 
(300 MHz, CD3OD): 7.08s (bs, IH), 7.06s (bs, IH), 4.77 (m, IH), 4.47 (bs, IH), 4.19 (bs, IH), 
3.83 (s, 3H), 2.54 (m. 3H), 232 (m, IH), 1.57 (m, 2H), 0.89 (t, 13Hz, 3H). 

Example 16 

Preparation of l.[3-(3-anylaxypropyl)A5-^ethoxybenzoyl]azetidine-2R-caA add 

hydroTcyamide 
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[00255] Step 1 : S^S-MyloxypiopylH^S-Klimethoxybe^ add was prepared fiom 3-(3- 
hydroxypropyl)-4,5-dimethoxybenzoic acid (Example 10, Step 1) and allyl bromide in 
quantitative yield by following Method I and used wi&out fturther purification. 
[002561 Step 2: l-[3<3-AllyloxypropylH>5Hlimethoxybenzoyl]azetidine-2R"^^ 
acid methyl ester was prepared by coupling azetidine-2R-carboxylic acid methyl ester 
hydrochloride salt with 3-(3-allyloxypropyl>4>5-dimethoxybenzoic acid according to Method A 
and the product was used without further purification. ESMS: m/z 378.5 [M + H]. 
[00257] Step 3: l-[3<3-AUyloxyimipyl)-4>dimethoxybenzoylJazetidine-2R-^^ 
arid hydroxyamide was prqmred fix)m l-[3K3-anyloxypropyI)-4,5-dimBthoxyben2»yl]azetidm 
2R-carb03Q^lic add methyl ester according to Method Bin 6 h. MS: m/fe 379-5 [M + H]. ^HNMR 
(300 MHz, CEbOD): 7.2 (bs, IH), 7.14 (bs, IH), 5.91 (m, IH), 528 (dd, 18 Hz, 12 Hz, 2H), 4.82 
(bm, IH). 4.47 (bm, IH), 422 (bm, IH), 3.96 (m, 2H), 3.86 (s, 3H), 3.82 (s, 3H), 3.42 (t, 7 Hz, 
2H), 2.70 (t, 7 Hz, 2H), 2.57 (bm, IH), 2.37 (bm, IH), 1.78 (m, 2H). 

Example 17 

Preparation of l.[3-(3-benzyloxypropyl)-4,5-dimethoxybenzoyl]azetidine-2R acid 

hydroxyamide 




[00258] Step 1 : 3-(3-Ben2yloxypropyl)-4,5-dimethoxybenzoic acid was prepared from 3,4- 
dimethoxy-5-hydroxypropylbenzoic acid (Example 10, Step 1) and benzyl bromide in 68% yield 
by following Method I and used without furth^ purification. 

[00259] Stq) 2: l-[3<3-BenzyloxjTropyl)-4,5-dhnethoxybenzoyl]azetidine-2RKaibo 
add methyl ester was prepared by coupling azetidine-2R-caboxylic add methyl ester 
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hydrochloride salt ^th 3-(3-benzyloxypropyl)-4,5-dimcthoxyDeQzoic acia accoroing lo Metnod A 
and the product was used without further purification. ESMS: 428.S [M + H]. 

[00260] Step 3: l-[3<3-BenzyIoxYpiopyl)-4,5Kiimethoxybenzoyl]azetidine-2R-^ 
acid hydroxyamide was prepared fix)m l-'[3-<3-benzyloxypropyl)-4,5- 
dunethoxyben2oyl]azetidine-2R-carboxylic acid methyl ester according to Method B in 6 h. 
ESMS: 429.5 [M + H]. MR (300 MHz, CD3OD): 7.25-.7.33 (m, SH), 7.18 (s, 1H>, 7.1 1 (s, 
IH), 4.79 (m, IH), 4.48 (s, 2H), 4.45 (bm, IH), 4.14 (bm, IH), 3.86 (s, 3H), 3,81 (s, 3H), 3.49 (t, 
7 Hz, 2H), 2.72 (t, 6.6 Hz, 2H), 2.57 (bm, IH), 2.37 (bm, IH), 1.78 (m, 2H). 

Example 18 

Preparation of l-[3,4-dimethoxy-5-(3-propoxypr(q)yl)benzoyl]azetidine-2R<arbo:^ acid 

hydroxyamide 

m 




[00261] Step 1 : 3,4-Dimeftoxy-5-(3-piopQxypropyl)benzoic acid was prepared &am 3-(3- 
allyloxypropyl)-4,5-dimefhoxybenzoic acid (Example 16, Step I) by following Mefliod H in 94% 
yield. Ihereaction was conducted for 16 hat room tempemture. The resulting product was used 
wiflioiit fixrth^ purification. 

[00262] Step 2: l-[3,4-Dimethoxy-5-(3-propoxypropyl)ben2oyl]a2etidine-2R-carboxylic 
acid methyl est^ was prepared by coupling azietidin&-2R-carboxylic acid methyl ester 
hydrochloride sah with 3,4-dimetfaoxy-5-(3-propoxypropyl)ben2oic add by following Method A 
and fliis product was used without further purification. ESMS: m/z 380.5 [M + H|. 

[00263] Step 3: l-[3,4-Dimethoxy-5-(3-propoxypropyl)ben2oyl]azetidine-2R-carboxylic 
acid hydroxyamide was prepared fi:om l-[3,4-dimethoxy-5-(3-propoxypropyl)beiizoyl]azetidme" 
2R-carboxylic acid methyl ester according to Method Bin 6 h. ESMS: m/z 381.4 [M + H], 'H 
NMR (300 MHz, CD3OD): 7.18 (s, IH), 7.13 (s, IH), 4.81 (bs, IH), 4.48 (bm, IH), 4.21 (bm, 
IH), 3.86 (s, 3H), 3.82 (s, 3H), 3.42 (m, 4H), 2.69 (bt, 2H), 2.59 (bm, IH), 2.36 (bm, IH), 1.82 
(m, 2H) 1.58 (m, 2H), 0.92 (t, 7 Hz, 3H). 

Example 19 

Preparation of l-(3-cyclopropylmethyl-4,5-dimethoxybenzoyI)azetidine-2R-carboxylic add 

hydroxyamide 
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[0Q264] Step 1 : To stiired dichloromethane (1 0 mL) at 0 ""C was added EtiZa (1 .0 M in 
hexane, 10.0 niL, 10 mmol, 2 eq.). The resulting solution was then treated with a solution of TFA 
(0.77 mL> 10 mmol) in CH2CI2 (5.0 mL) added over the course of 3 min. After stirring for 20 min 
at 0 ""C diiodomethane (0,80 mL, 10.0 mmol) in CH2CI2 was added. After 20 min at 0 ""C, a 
solution of 3-allyl-4,5-dimethoxyben2oic acid methyl ester Example 30, Step 1, 1.18 
5.0 nmol) in CH2CI2 (5,0 mL) was added and the reaction was wanned to 23 °C. After SO min 
&e reaction was quenched by addition of 0. 1 N HQ (25 mL) and then diluted with hexanes 
(100 mL). The organic layer was separated, washed with s^urated NaHCOj (100 mL), H2O 
(100 mL), brine (100 mL) dried MgS04 and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel using 20% EtOAc in hexanes as an eluent 
to furnish 3-cyclopropylmethyl-4,S-dmiethoxybenzoic acid metiiyl ester (0.96 g, 80% yield). 

[0Q26S] Step 2: 3-Cyclopropylmethyl-4,5-dimefhoxybenzoic acid was prepared fiom 3- 
cyclopropylmethyl-4,5-dimetfaoxybenzoic acid methyl ester by following Method E in 
quantitative yield and used the without further purification. 

[002fi6] Step 3: l<3<^lopropybnethyl-4,5-4imethpxybenzoyl)azetidine-2R-carbo^^ 
acid methyl ester was prepared by reacting azetidine-2R-carboxylic acid methyl ester 
hydrochloride salt with 3-cyclopropyhnethyl-4,5-dimethoxybenzoic acid by following Method A. 
ESMS:/n/r 334.4 [M + H]. 

[00267] Step 4: H3-CyclopropylmethyM,5-dimethoxybenzoyl)a2etidme-2R<aA 
add hydroxyamide was prepared from H3-cycIopropyhuetiiyl-4,5Kiinietho3Qfbenzoy[)a2etidine- 
2R-carboxylic acid methyl ester by following Method B m 5 h. ESMS: m/z 335.4 [M + HJ. 
^HNMR (300 MHz, CD3OD): 7.26 (s, IH), 7.19 (s, IH), 4.81 (bm, IH), 4.49 (bm, IH) 4.22 (bm, 
IH), 3.86 (s. 3H), 3.81 (s, 3H), 2.53 (bm, 3H), 236 (bm, IH), 0.96 (bm, IH), 0.49 (m, 2H), 0.19 
(m,2H). 
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Example 20 

Preparation of l-(3-hexyl-4,5-dimethoxybenzoyl)azetidine-2R-ca^ acid hydroxyamide 




[00268] Stq) 1 : To a stirred solution of 3-(3-hydroxypropyl>4>5-dimethoxybenzoic acid 
(Example 1 0, Step 1, 3.53 g, 14.7 mmol) in MeOH (37 mL) at 0 was slowly added 
trimefliylsilyldiazomethane (TMSCHN2) (2.0 M, 37 mL,.73.5 mmol) over Ibe course of 5 min. 
After stining for 10 min the reaction mixture was concentrated. The crude product was purified 
by .flash column chromatography on silica gel using 67% EtOAc in hexanes as an duent to famish 
3-(3-hydroxypropyI>4»5-dimethoxybenzoic acid methyl ester (2.76 g). 

{00269] Step 2: To a solution of oxallyl chloride (1.34 mL, 15.4 mmol) in CH2CI2 (30 mL) 
at -78 ^'C was added a sohition of dimethyl sulfoxide (DMSO) (1 .45 mL, 20.5 mmol) in CH2CI2 
(10 mL) via cannula over the course of 1 mm. After stirring for 20 min at -78 a solution of 
3-(3-hydroxypropyl>4,5-dmiethoxyben2oic acid methyl ester (1.30 g, 5.12 mmol) in CH2CI2 
(10 mL) was added via syringe. The reaction was stirred at -78 for 45 min then treated with 
triethylamine OEtsN) (5.7 mL, 10 eq.). After 20 min at -78 ^^C the reaction was allowed to warm 
to loom temperature. Afterstirringatroomtemperaturefor 30 min, the reaction mixture was 
^uled with 1:1 EtOAcAexanes (250 mL), washed with H2O (2 x 200 mL), brine (200 mL), dried 
over MgS04 and then concentrated under reduced pressure. The crude product was purified by 
flash column chromatography on silica gel using 50% EtOAc in hexanes as an eluent to fiimish 
3,4-dime1hoxy-5-p-oxopropyl)benzoic acid methyl ester (1.20 g, 93%). 

[00270] Step 3: 3-HKC-3-enyl-4,5-dimethoxybenzoic acid methyl ester was prepared firam 

3.4- dimethoxy-5-p-oxopropyl)benzoic add methyl ester and propyhriphenylphosphonium 
bromide by following Method J. The crude product was purified by flash column 
chromatography on silica gel using 20% EtOAc in hexanes as an elurat to furnish 3-hex-3-enyl- 

4.5- dimethoxybenzoic acid metiiyl ester in 63% yield. 

[00271] Stq) 4: 3-Hexyl-4,5-<limethoxybenzoic acid methyl ester was prepared firom 3-hex- 
3-enyl-4,5-dimethoxybenzoic acid methyl ester by following Method H using EtOAc as a solvent 
The reaction was conducted for 2.5 h under hydrogen atmosphere. The product obtained in 
quantitative yield was used without finrther purification. 
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[00272] Step 5: 3-Hexyl-4,5-dimethoxybenzoic acia was pieparea nom oi j-Jiexyl-4p- 
dimethoxybenzoic add methyl ester by following Method E in quantitative yield. The acid 
obtained was used without further purification. 

[002731 Step 6: l-(3-Hexyl-4,5-diniethoxybenzoyl)azetidine-2R-carboxylic acid methyl 
ester was prepared by reacting azetidine-2R-carboxylic acid methyl ester hydrochloride salt with 
3-hexyl-4,5-dimethoxybenzoic acid by following Method A and the crude product was used 
without furOier purification. ESMS: miz 3643 [M + H]. 

[00274] Step 7: l-(3-He3cyl-4,5-dimethoxybenzoyl)azefidine-2R-K:ari^ add 
faydioxyaniide was prepared firom l-(3-hexyM,S-dimedioxybenzoyl)azetidine~2R-ca]l)oxylic acid 
methyl ester by following Method B in Sh. ESMS: m/? 36S.S ^ + H]. 'HNMR(300MI£z, 
ClbOD); 7,16 (s, IH), 7.1 1 (s, IH), 4.80 (hm, IH), 4.47 (bm. IH) 4.19 (bm, IH). 3.85 (s, 3H), 
3.81 (s, 3HX 2,60 (bt, 3H), 2.35 (bm, IH), 1.55 (m, 2H), 1.31 (m, 6H), 0.88 (t, 7 Hz, 3H). 

Example 21 

Preparation of l-(3,4-dimethoxy-5-pentylben2oyl)azetidine-2R-carboxyUc add hydroxyamide 




[00275] Step 1 : 3,4-Dimethoxy-5-pait-3-enylbenzoic acid meth^ ester was prepared fix>m 
3,4-dimethoxy-5-(3-oxopropyl)beozoic acid methyl ester (Example 2&, Step 2) and 
ethyltriphenylphosphonium bromide by following Method J. The crude product was purified by 
flash column chromatography on silica gel using 20% EtOAc in hexanes as an eluent to furnish 
3,4-dimethoxy-5-pent-3-enylbenzoic acid methyl ester in 37% yield. 

[00276] Step 2: 3,4-Dimethoxy-5-p^tyIbenzoic acid methyl ester was prepared 3,4- 
dimethoxy-5-pent-3-enylbenzoic methyl ester by following Method H using EtOAc as a solvent 
The reaction was conducted for 2.5 h under hydrogen atmosphere. The product, obtained in 
quantitative yield, was used without further purification. 

[00277] Step 3: 3,4-Dunetiioxy-5-pentylbenzoic acid was prepared fipom 3,4-dunethoxy-5- 
pentylbenzoic acid methyl ester by following Method E in 91% yield. The acid was used without 
further purification. 
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[00278] Step 4: l-(3,4-Dimethoxy-5-pentyIben2oyljazeuQme-zK'K;^ acta memyl 
est^ was piepared by reacting azetidiiie-2R-carboxylic add methyl ester hydrocbloiide with 3,4- 
dimetfaoxy-S-pentylbenzoic by following Method A and the crude product was used without 
further purification. ESMS: m/z 350.4 [M + H]. 

100279] Step 5: l-(3,4-Dimethoxy-5-pentylben2oyl)azetidine-2R-K:aiboxylic acid 
hydroxyamide was prepared from l-(3,4-dimethoxy-5-pentylbenzoyl)a2etidine-2R-carboxylic 
acid methyl ester by foUowmg Method B in 6 h. ESMS: m/z 351 .5 [M + H). NMR (300 MHz, 
CD3OD): 7.13 (s, IH), 7.10 (s, IH), 4.85 (m, IH), 4.4$ (m, IH), 4.19 (bm, IH) 3.84 (s, 3H), 3.79 
(s, 3H), 2.60 (m, 3H), 2,34 (bm. IH), 1.57 (m. 2H), 1.31 (m. 4H), 0.88 (t, 7 Hz, 3H). 

Example 22 

Preparation of l-(3-aUyl-4-hydroxy-5-methoxybenzoyl)azetidine-2RH5arboxylic acid 

hydroxyamide 




[00280] Step 1 ; 3-Allyl-4-hydroxy-5-methoxyben2oic acid was prepared from 3-allyl-4- 
hydroxy-5-methoxybenzoic add methyl ester (Example 1, Step 2) using Method E. In this 
method LiOH was replaced with NaOH and the reaction was conducted at room temperature for 
18h. The product was extracted with eth». The cmde product was used without further 
purificatioa 

[00281] Step 2: H3-AUyl-4-hydix>)qr-5-meflioxybenzdyl)a2etidm acid 
methyl ester was prepared by reacting azetidine-2R«carboxylic acid methyl ester hydrochloride 
salt with 3-allyl-4-hydroxy-5-me&oxybenzoic acid by following Method A and the crude product 
was used without further purification. 

. [00282] Step 3: H3-AUyl-4-hydroxy-5--methoxybenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared from l-(3-Allyl-4-hydroxy-5-methoxybenzoyl)azetidine- 
2R-carboxylic acid methyl ester by following Method B in 6 h. ESMS: m/z 305,2 [M - HJ. 
NMR (300 MHz, CD3OD): 7.21 (s, IH), 7.15 (s, IH), 7.0 (bs, IH), 6,15 (m, IH), 4,81-5.08 (m, 
3H), 4.56 (bm, IH), 4.35 (bm, IH), 3.95 (s, 3H), 3.40 (d, 2H), 2.65 (bm, IH), 2.4 (bm, IH). 

Example 23 

Preparation of l-(4-methoxy-3-trifluoromethoxybenzoyl)azetidine-2R-carboxylic acid 
' hydroxyamide 
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[00283] Step 1 : 2-'njfIuoromethoxyamsole was prepared firom 2-trifluQrometfaoxypheaol 
byfollo^vmgMeaiodCin78%yield Mebyl iodide was used iatbisreactioii as an alkylatiog 
agent and the reaction was conducted at roonitemperahure for 17 L The product was used 
witiiout further purification. 

[00284] Step 2: 4-Nitro-2-trifluorometfaoxyamsoIe was prepared fiom 2* 
trifluorometfaoxyanisole by following Method Kin 73% yield. The product was used without 
further purificatiorL 

[00285] Step 3: To a stirred solution of 4-nitro-2-trifluoromethoxyamsole (500 mg, 
2.11 mmol) in MeOH (8.0 mL) at room temperature was added aqueous HCl solution (1 .0 mL, 3 .0 
M)followedby 10%Pd/C (80mg). The reaction mixture was stirred iinder Ha atomosphere for 
17 h, filtered flirough a pad of celite and concentrated to give 4-amino-2-trifluoromethoxyanisole 
as a hydrochloride salt (500 mg). The product was used without further purification. 

[00286] Step 4: 4-Iodo^2-trifluoromefhoxyanisole was prepared fit)m 4*-aniino-2- 
trifluoromethoxyanisole by fi^Uowing Method L. The crude product was purified by flash column 
chroinatogrq}hy (silica gel) to afford 4-iodo-2-trifluoromethoxyanisole in 75% yield. 

[00287] Step 5: 4-Methoxy-3-tn[fluorQmethoxybCTZoic add was prepared fiom 4-iodo-2- 
trifluoromethoxyanisole by following Method M. The resulting crude product was purified by 
flash colurmi chromatography (silica gel) to give 4-meflioxy*3-trifluoromethoxybeDzoic acid in 
59% yield. 

[00288] Step 6: l-(4-Methoxy-3-trifluoromethoxyben2oyl)azetidine-2RK:arboxylic acid 
methyl ester was prepared by coupling azetidine-2R-carboxylic acid methyl ester hydrodiloride 
salt with 4-methoxy-3-trifluoromethoxybenzoic acid according to Method A. This product was 
used without further purification, ESMS: nt/z 334.4 [M + H]. 

[00289] Step 7: l-(4-MethoxyO-trifluoFometfaoxybenzoyl)azetidme-2R<aiboxylic acid 
hydroxyamide was prepared firom l-(4-medioxy-3-trifluoromethoxyben2oyl)azetidine- 
2R-carboxylic add methyl ester by followmg Method B m 5 h. ESMS: m/z 335.4 [M + H|. 
NMR (300 MHz, CD3OD): 7.70 (d, 8H2, IH), 7.63 (s, IH), 7.22 (d, 8Hz, IH), 4.81 (m, IH), 4.47 
(m, IH), 4.25 (m, IH), 3,92 (s, 3H), 2.59 (m, IH), 2.36 (m, IH). 
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Example 24 

Preparation of l-(3-aUylbenzoyl)azetidme-2R*caiboxylic acid hydioxyamide 




[00290] Step 1 : l-(3-Allylben2oyl)azetidine-2R-carboxylic acid metliyl ester was prepared 
by coupling azetidine-2R-carboxylic acid methyl ester hydrochloride salt with 3-allylbcnzoic acid 
according to Method A using DCM as a solvent This product was used wilhoiit further 
purification. 

[00291] Step 2: l-(3-AlIyIbenzoyl)azetidme-2R<K»]4x)xylic add liydzoxyamide was 
jMrepared j&om l-(3-all}ibenzoyl)azetidme-2R-cad)Oxylic acid methyl ester by following Method 
B in 5 h. ESMS: m/z 261 A [M + H]. *HNMR (300 MHz, CE^OD): 7.43 (m, IH), 7.28 (m, 3H), 
5.84 (m, IH), 5.02 (m, 2H), 4.73 (m, IH), 4.36 (m, 1H>, 4.10 (m, IH), 3.35 (d, 6.3 Hz, 2H), 2.51 
(m,lH),2.28(m, IH). 

Example 25 

Preparation of l-<3-propylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide 




[00292] Step 1 : l-(3-Propylbenzoyl)azetidine-2R-carboxylic acid methyl ester was 
prepared fix>m l-(3-allylbenzoyl)azetidine-2R-carbox)iic acid methyl ester (Example 24, Step 1) 
by following Method H. The leaction was conducted at room temperature for 4 h. The resulting 
product was used without further purification. 

[00293] Step 2: l-(3-Propylbenzoyl)azetidine-2R-carboxylic add hydroxyamide was 
prepared fiom the l-(3-pn>pylbenzDyl)azetidme-2R-carboxylic acid methyl ester by following 
Method B in 5 h. ESMS: nt/z 263 A [M + H]. *H NMR (300 MHz, CD3OD): 7.40 (m, IH), 726 
(m, 3H), 4.72 (m, IH), 4.35 (m, IH), 4.09 (m, IH), 2.54 (t, 7.5 Hz, 2H), 2.50 (m, IH), 228 (m, 
IH), 1.56 (m, 2H), 0.84 (t, 7.5 Hz, 3H). 

Example 26 

Preparation of l-(4-allyloxyO-trifluoromethoxybenzoyl)azetidine-2R-caiboxylic acid 

hydroxyamide 
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[00294] Step 1 : l-All^oxy-2-tri£luoromethoxybdizeiie was piepared fiom 2- 
trifluotome&oxyphenol by following Method C in quantitative yield and the product was used 
without furdier purification. 

[00295] Step 2: l-Allyloxy-4-mtro-2-trifluoiomethoxybenzme was prepared from 1- 
allyloxy-2-trifluoromedioxyben2ene according to Method K. The residue was chioniatogrq)hed 
on silica gel to afford l-allyloxy-4-nitro-2-trifluorometfxoxybenzBne in 42% yield. 

[00296] Step 3: To a solution of NH4CI (3.3 & 61 ,7 mmol) in EtOH (30;0 mL) and H2O 
(15.0 mL) at 90 was added a solution of l-aIlyloxy-4-nitro-2-tiifluoromethoxybenzene (1.6 g, 
6.08 mmol) in THF (5.0 mL) followed by the addition of iron (1 .02 g, 17.9 mmol, 3.0 equi) in two 
portions with 5 minutes interval. The resulting suspension ym stirred at 90 °C for two hours then 
filtered through a pad of celite and the celite washed with EtOAc. The filtrate was diluted with 
H2O and extracted with EtOAc (3 x 70 mL). The combined organic layer was washed with aq. 
NaiCOs (2 X 100 niL), brine (200 mL), dried over Na2S04, and concentrated in vacuo to afford 4- 
allylo37-3-ttifluoromedioxyaniline (L6 g). The product was used in the subsequent Step without 
further purificadoiL 

[00297] Step 4: l-Allyloxy-4-iodo-2-trifiuoromethoxybenzene was prepared firom 4- 
allyloxy-3-trifluoromethoxyanilme according to Method L. The residue was chromatogFaphed on 
silica gel to afford l-^yloxy-4-iodo-2-trifluo!roinethoxybenzeDe in 78% yield. 

[00298] Step 5: 4-Allyloxy-3-trifluoromethoxybenzoic acid was prepared fix>m 1-allyloxy- 
4-iodo-2-trifluoromethoxybenzene by following Method M. The residue was purified by flash 
column chromatography on silica gel to give 4-allyloxy-3-trifluoromethoxybenzoic add 67% 
jdeld. 

[00299] Step 6: l.(4-aUyIoxy-3-trifluoromethoxybenzoyl)azetidine-2R-carboxylic acid 
methyl ester was prepared by coupling a2etidine-2R-carboxylic acid methyl ester hydrochloride 
salt with 4-allyloxy-3-trifluoromethoxybenzoic acid by following Method A and the crude product 
was used without further purification. ESMS: m/z 360.3 [M + Hj. 

[00300] Step 7: l-(4-aUyloxy-3-trifluoromethoxybenzoyl)azetidine-2RHaaiw acid 
hydroxyamide was prepared from l-(4-allyloxy-3-trifluoromethoxybenzoyl)azetidine- 
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2R-carboxylic add methyl ester by following Method B in 5 h. ESMS: 361 .4 [M + KQ. *H 
NMR (300 MHz, CD3OD): 7.63 (m, 2H), 720 (d, 6Hz, IH), 6.05 (m, 2H), 4.87-5.45 (m, IH), 
4.81 (m, IH), 4.68 (m, 2H), 4.46 (m, IH), 4.23 (m, IH), 2.57 (m, IH), 2.35 (m, IH). 

Example 27 

Preparation of l-(3-trifluoromefl^lbenzoyl)a^tidine-2R-carboxylic acid hydroxyamide 




[00301] Step 1 : To a stined suspension of azetidme-2R-caboi7lic acid (5g, 49^ mmol) in 
DCM (100 mL) at 0 \ras added EtaN (8.3 mL) followed by a solution B0C2O (12 J mL) in 
DCM (10 mL) over the period of 10 min. The resulting reaction mixture was continued stiriir^ 
for 3 h at 0 ""C and fhen treated with saturated aqueous citric acid solution (25 mL). The organic 
layer was separated, washed with brine (SO mL), water (SO mL), brine (SO mL), dried over 
MgS04, and concentrated to give desired product (10.4 g). 

[00302] Step 2: 2R-Benzyloxycarbamoylazetidine-l-carboxylic acid /^r/-butyl ester was 
prepared fiom Boc-protected azetidine-2R-carboxylic acid by following Method F. The residue 
was chromatographed (gradient, 100% hexane, 50% hexane/EtOAc, then 75% EtOAc/hexane) to 
provide 2R-benzyloxycarbamoyla2etidine-l-carboxylic acid /en-butyl ester in quantitative yield. 

[00303] Step 3: To 2R-benzylo3^carbamoylazetidine-l -carboxylic acid /erf-butyl ester 
(1.37 g, 4.47 mmol) was added 30% TFA solution in methylene chloride (40 mL) at 0 °C and the 
reaction was sthred at that temperature for 30 mia The reaction mixture was ^owly wannedto 
room temperature while stirring for another 3 L The reaction mixture was concentrated to yield 
the desured product (1.76 g). 

[00304] Step 4: l-(3-Trifluoromeftylbenzoyl)azetidine-2R-carboxylic acid benzyloxyamide 
was prepared by coupling 2R-*benzyloxycarbamoylazetidine trifluoroaoetic acid salt with m- 
trifluoromefhylbenzoic acid by following Method A. The residue was chromatographed (gradient 
from 0 to 75% BtOAc in hexane to get l-(3-trifluoromeihylbenzoyl)azetidme-2R-carboxylic add 
benzyloxyamide in quantitative yield. ESMS: m/z 379.3 (M + H]. 

[00305] Step 5 : 1 -(3-Trifluoromethylbenzoyl)azetidine-2R-carboxyIic add hydroxyamide 
was prepared from l-(3-trifluoromethylbenzoyl)azetidine-2R-carboxylic add benzyloxyamide 
according to Method H. This crude product was piirified by preparative HPLC (HiO/Acetonitrile 
in 0.1% TFA) to finnish l-(3-trifluoromethylbcn2oyl)azetidine-2R-carboxylic acid hydroxyamide. 
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ESMS: m/z 289.4 [M + H]. 'H NMR (300 MHz, CD3OD): 7.63-7.98 (m, 4H), 4.82 (bm, IH), 
4.44 (m, IH) 4.21 (m, IH), 2.59 (m, IH), 237 (m, IH). 

Example 28 

Preparation of l-[3,4-dimethoxy-5-(3-methox3T?rqpyl)benzoyl]azeti^ acid 

hydroxyamide 




[00306] Step 1 : 3,4-Dimethoxy-5-(3-medioxypropyl)benzoic acid was prepared fix)m 3-(3- 
hydroxypropyl)-4,5-Dimethoxybenzoic acid (Example 10, Step 1) and methyl iodide by following 
Method I in 69% yield. The product vmsmedvdthout further purification. 

. [00307] Step 2: l-[3,4-Dimethoxy-S-(3-me&oxyprq^yl)benzoyl]azetidine-2R-K^ 
add benzylo^gramide was prepared by coupling 2R-beD2ylo3^carbamoylazetidine trifluoroacetic 
add salt (&cample 27, Step 3) with 3.,4-Dimethoxy-S-(3-methoxyproiqrl)benzoic acid following 
Method A. The residue was chromatographed (gradient fix)m 0 to 75% EtO Ac in hexane) to get 
l-[3,4-dimedioxy-S-(3-methoxypropyl)benzoyl]azetidine-2RH)arboxyli^ add benzylosgratnide in 
45% yield. ESMS: m/z 443:5 [M + H]. 

[00308] Step 3: l-[3,4-Dimethoxy-5-(3-methoxypropyl)benzoyl]azetidine-2R-^boxyli^ 
acid hydroxyamide was prepared from l-[3,4-dimethoxy-5-(3-methoxypropyl)bcnzoyl]a2etidme- 
2R-carboxylic acid benzyloxyamide by following Mediod H. The product was purified by 
preparative HPLC (H20/Acetomtrile in 0.1% TFA) to furnish l-(3,4-dimethoxy-5-(3- 
methoxypropyI)benzoyl]a2etidine-2R-caiboxylic acid hydroxyamide. ESMS: m/z 353.4 pvl + HJ. 
*H NMR (300 MHz, CD3OD): 7.17 (s, IH), 7.1 1 (s, IH), 4.78 (bm, IH), 4.47 (bm, IH), 4.20 (bm, 
IH), 3.85 (s, 3H), 3.81 (s, 3H), 3.38 (t, 6.3 Hz, 2H), 331 (s, 3H), 2,67 (t, 7.5 Hz, 2H), 2.57 (bm, 
IH), 2.35 (bm, IH), 1.81 (m, 2H). 

Example 29 

Preparation of l-[3-(3-ethoxypropylH>5-dimethoxybenzoyl]azetidine-2R-carboxylic acid 

hydroxyamide 



I 
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[00309] Step 1 : 3<3-EthoxypiopylH>5-<iime1ho3cybenzoic acid was prepaued ftom 3-(3- 
hydroxypK)pyl>4»5-Dimethoxybenzoic acid (Example 10, Step 1) and ethyl bromide by following 
Method I in 72% yield. The product was used without fiirdier purification. 

[00310] Step 2: l-[3-(3-EthoxYpropyl)-4,5-dimethoxybenzoyl]azetidine-2RK5arboxyU^ acid 
benzyloxyamide was prepared by coupling 2R-benzyloxycarbamoylazetidine trifluoroacetic acid . 
salt (Example 27, Step 3) with 3-(3-ethoxypropyl>4>5-dimeth6xyben2oic acid by foUowmg 
Method A. The residue was chromatographed (gradient from 0 to 75% EtOAc in hexaue) to get 
l-[3-(3-ethoxypropyl)-4,5-dimethoxybenzoyl]azetidine-2R-<:arboxyK acid benzylo^Qramide in 
22% yield. ESMS: m/z 457.5 [M + H]. 

[00311] Step 3: l-[3<3-Etiboxypropyl-4,SHlimefhoxybea2Dyqazetidine-2RK:^^ acid 
hydroxyamide was prepared from l-[3-(3-^oxypropyl-4,5-dhne&o3orb« 
2R-carboxylic acid benzyloxyamide by following Method H. The product was purified by 
preparative HPLC (HiO/Acetonitrile in 0.1% TFA) to firaiish l-[3-(3-ethoxypropyl-4,5- 
dimethoxybenzoyl]azetidine-2R-carbo3^1ic acid hydroxyamide. ESMS: m/z 367.5 [M + H]. *H 
NMR (300 MHz, CD3OD): 7.18 (s, IH), 7.13 (s, IH), 4.80 (bm, IH), 4.49 (bm, IH), 422 (hm, 
IH), 3.85 (s, 3H), 3.82 (s, 3H), 3.46 (m, 4H), 2.68 (t, 7.2 Hz, 2H), 2.59 (hm, IH), 2.37 (bm, IH), 
1.82 (m, 2H), 1.17 (t, 7 Hz, 3H). 

Example 30 

Preparation of l-(3-allyl-4,5-dimethoxybenzoyl)a2etidine-2R-carboxylic acid hydroxyamide 




[00312] Step 1 : 3-Allyl-4,5-dime!hoxybenzoic acid methyl ester was prepared from 3-aUyl- 
4-hydroxy-5-methoxyben2oic acid methyl ester (Example 1, Step 2) by following Method C using 
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methyl iodide as alkylating agent. The reaction was conducted at room temqpeiature for.l 6 h and 
crude product was purified by flash column chromatogr^hy (96% yield). 

[00313] Step 2: 3-Allyl-4,5-dimethoxyben2oic acid was prepared from 3-^yl-4,5- 
dimetfaoxybenzoic acid methyl ester by following Method E in quantitative yield and used without 
further purification. 

[00314] Step 3: l-(3-Myl-4»SK)imeAoxybCTTOyl)azetidine-2R<K;aibo acid methyl 
ester was prepared by reacting azetidine-2R*carboxylic acid methyl ester hydrochloride with 3- 
allyM^-dimetho^ybenzoic acid by following Metiiod A and the crude product was used without 
further purification. ESMS: m/z 320.4 (M + H]. 

[00315] Step 4: H3-AUyI-4,5siimcthoxybenz»yl)azetidine-2R-carboxyli^ acid 
:hydroxyamide was prepared fi:om l-(3-allyl-4,5-dimethoxyben2oyl)azetidine-2R-carboxylic acid 
methyl ester by following Method Bin 3 h, ESMS; w/^ 321.5 [M + H]. ^HNMR(300MHz, 
CD3OD): 7.19 (s, IH), 7.1 1 (s, IH), 5.92 (m, IH), 5.05 (m, IH), 5.00 (m, IH), 4.79 (bm, IH), 
4.45 (bm, IH), 4.18 (bm, IH), 3.86 (s, 3H), 3.80 (s, 3H), 3.37 (m, 2H), 2.54 (bm, IH), 2.34 (bm, 
IH). 

Example 31 

Preparation of l-(3-butyM,5-dimethoxybenzoyl)azet[dine-2R-carbo^lic add hydroxyamide 




[00316] Step 1 : 3-But-3-enyl-4,5-dimethoxybenzoic acid methyl ester was prepared fix)m 
3,4-dimethoxy-5-(3-oxopropyl)benzoic acid methyl ester (Example 20, Step 2) and 
metfayltriphenylphosphonium bromide by following Method J in 29% yield. 

[00317] Step 2: 3-ButyM,5-dimethoxybenzoic acid methyl ester was prepared from 3*but- 
3-enyl-4,5-dunetfaoxybenzoic acid mediyl ester by following Method H in 93% yield 

[00318] Step 3: 3-Butyl-4,5-dimethoxybenzoic acid was prepared fix)m 3-butyl-4,5- 
dimethoxybenzoic acid methyl ester by following Method B in 85% yield. The product was used 
without further purification. ESMS: m/z 237.1 [M - H]. 
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[00319] Step 4: 1 -<3-Butyl-4,5-diinethoxybeiizoyl)azeti35ie-2^ aSJfmeSlq?^ ^ 

ester was prepared by reacting a2etidine-2R-carboxylic acid methyl ester hydrochloride with 3- 
butyM,5-dimethoxybenzoic acid according to Method A. ESMS: w/z 336.5 [M + H]. 

[00320] Step 5: l-(3-Butyl-4,5-dimethoxybenzoyl)azetidine-2R-carboxylic add 
hydroxyamide was prepared from l-(3-biityl-4,5-dimethoxybenzoyl)azetidine-2R-carboxylic acid 
methyl ester by following Method B in 4 h. ESMS: m/z 337.5 [M + H]. NMR (300 MHz, 
CDCI3): 7.08 (bs, IH). 7.00 (bs, IH), 5.00 (m, IH), 4.40 (m, IH), 4.20 (m, IH), 3.86 (s, 3H)> 3.84 
(s, 3H), 2.82-2.43 (m, 4H), 1.55 (m, 2H), 1.36 (m, 2H), 0.92 (t, 7.5 Hz, 3H). 

Example 32 

Preparation of l-[3,4-dim^oxy-5<3^^-trifluoropropyl)ben2oyl]azetidine-2RH»bo^^ acid 

hydroxyamide 




[00321] Step 1 : To a stirred solution of 2»3-dimetho^benzaldehyde (20.0 g, 120 mmol, 
1 eq.) in CHCI3 (170 mL) at 0 X was added a solution of bromine (8.0 mL, 155 mmol, 1.29 eq.) 
in CHCI3 (3 0 mL) ov€r the course of 1 h. After stirring for 2 h at 0 X the reaction was warmed to 
room temperature and stinred a further 20 h, then diluted with EtiO (1 L). The organic solution 
was washed successively with H2O (2 x 500 mL), saturated aqueous NaHCQa (4 x 500 mL)» Inine 
(2 X 500 mL), dried over MgS04 and then concentrated under reduced pressure. The crude 
l»roduct was purified by flash column chromatography on silica gel usmg 1 5% EtOAc in hexanes 
as an eluent to afford (21 g)ofthede^red bromide as a yellow solid. The product was fiirther 
purified by recrystallization &om hot faexanes (300 mL) to give 5-bromo-2,3- 
dimethoxybenzaldehyde (18 g, 61%). 

[00322] Step 2: To a solution of tetrabutylammonium fluoride (TBAF) in THF (1.0 M, 
100 roL, 100 mmol) was added activated 4 A molecular sieves (powder, 80 g) and stirred for 16 h. 
Then the suspension was cooled to 0 and a solution of aldehyde (2.45 g, 10 mmol) and 2,2,2- 
trifluoroethyldiphenylphosphine oxide (Kobayashi, T. et al. J. Org. Chem. 2002, 67, 3156-3159; 
5.50 g, 1 9 mmol) in THF (50 mL + 50 mL flush) was added via cannula. After 90 min at 0 ^'C the 
reaction was warmed to room temperature and stirred a further 2 h, then the suspension was 



83 



wo 2004/007444 



PCT/US2003/021838 



filtered tiirough a pad of celite and washed with EtOAc (500 mL). The combined filtiiteVms" 
washed with H2O (300 mL), brine (300 mL), dried over MgS04 and then concentrated in vacuo. 
The crude product was purified by flash column chromatography on siUca gel using 15% EtOAc 
in hexanes as duent to afford 5-biomo-l^'^emthoxy-3-(33»3-trifluoiopropenyl)benzene 
(865 mg, 28%), as a mixture of £>Z isomers. 

[00323] Step 3 : 3,4-Dimetiioxy-5-(3,3,3-trifluon)propenyl)benzoic acid was prepared firom 
5-bromo-l^-dimethoxy-3-(3,3,3-trifluoropTopenyl)benzene by following Method M in 70% yield. 
The product was used without further purificatiojo. ESMS: m/z 275.3 [M - H]. 

[00324] Step 4: 3,4-Dunethoxy-S-(3,3,3-trifluoropiopyl)benzoic acid was prepared fi:om 
3,4-dimethoxy-5-(3,3,3-trifhioropropenyl)benzoic add by following Method H m 88% yield. The 
reaction was conducted at room temperature for 1 .5 h. The product was used without further 
purification. ESMS: m/z 277 A [M - H]. 

[00325] Step 5: l-[3,4-Dunethoxy-5-(3,3,3- trifluoropiopyl)benzoyl]azetidine- 
2R*-carboxylic acid methyl ester was prepared by reacting azetidine-2R-carbo3^1ic acid methyl 
ester hydrochloride salt with 3,4-dimettioxy-5"(3,3,3-trifluoropropyl)benzoic acid according to 
Method A and the crude product was used without ftirtber purification. ESMS: m/z 376 A \M + 

m. 

[00326] Step 6: l-[3,4-Dimethoxy-5-(3.33-trifluoropyl)benzoyl]azetidine-2R-<:^ 
hydroxyamide was prepared from l-[3,4-dimethoxy-5-(3,3,3-trifluoropyl)benzoyl]azetidine- 
2R-carboxylic acid methyl ester by following Method B in 4,5 h. ESMS: m/z 377 A [M + H]. *H 
NMR (300 MHz, CDCI3): 7.15 (bs, IH), 6.98 (bs, IH), 5.03 (m, IH), 4.40 (m, IH), 422 (m> IH), 
3.90 (s, 3H), 3.89 (s. 3H), 2.78-3.03 (m, 3H), 226-2.59 (m, 3H). 

Example 33 

Preparation of l-(3K]imethylcarhamoyhnethyM,5Hlimedio}Q^benzo3d^ 

acid hydroxyamide 




[00327] Step 1 : To a stirred solution of 3-aUyI-4,5-dimethoxyben2»ic acid methyl ester 
(Example 30, Step 1, 1.0g,9.24 mmol) in DMF (20 mL) was added OSO4 (0.54 mL, 0.042 mmol) 
and continued stirring for 5 min under nitrogen atmosphere. To this was added oxone (104 g. 
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16.9 mmol) and ttie reaction mixture stirred for 3 h. Na2S03 solution was adSed. The aqueous 
layer was extracted with EtOAc. The combined organic layer was washed wilh 1 N aqueous HCl, 
brine, dried over Na2S04, and concentrated in vacuo. The resulting residue was chromatographed 
(silica gel column) using EtOAc/Hexanes/MeOH (30:65:5) to afford the acid (0.6 g, 60% yield). 
To a stirred solution of acid (2.54 g, 10 mmol), obtained from above, was added oxalyl chloride 
(3.4 mL, 10 mmo) followed by a drop of DMF and continued stirring the reaction mixture for 
14 h. The solvent was removed in vacuo and the residue was dried under high vacuum. This was 
used without iurther purification. 

[00328] Step 2: To a stirred solution of acyl chloride obtained from Step 1 (350 mg, 
128 mmol) in dry THF (5.0 mL) was cooled to 0 **C under Ni atmosphere then treated withN,N- 
dimethylamine (2.57 mL, 5.13 mmol). The reaction was allowed to warm to room ten[q)emture 
and was stirred for 3 h. THF was removed jfwvacwo and the residue was dissolved with ether. The 
BizO layer was washed with saturated aqueous NaHCOa aqueous solution, dried over anhydrous 
Na2S04, jBltered and concentrated in vacuo to give 3-dimetliylcarbamo}imethyl-4,5- 
dimetfaoxybenzoic acid methyl ester (0.31 g, 86%). 

[00329] Step 3: 3-Dimetfaylcarbamoybnethyl-4,S-dimettioxybenzoic acid was prepared 
from 3-Klimethylcarbamoylmethyl-4,5-dimethoxybenzoic acid methyl ester by following Mediod 
E. The product was used without further purification. 

[00330] Step 4: l-(3-Dimethylcarbamoylmethyl-4,5-dimethoxybenzoyl)azetidine- 
2R-carboxylic add methyl ester was prepared by reacting azetidine-2R-carboxylic acid methyl 
^ter hydrochloride salt with 3-dimethylcarbamoyhne1hyl-4,5-dimethoxybenzoic acid by 
following Method A and the crude product was used without frirther purification* 

[00331] Step 5: l-(3-Dimethylcarbamoyhnethyl-4,5-dimethoxybenzoyl)azetidine- 
2R-carboxylic acid hydroxyamide was prepared from l-(3-Dimethylcarbamoylmethyl-4,5- 
dimethoxybenzoyl)azetidine-2R-carboxylic acid metyl ester according to Method B in 1 .5 h. 
ESMS: m/z 366.5 [M + H]. NMR (300 MHz, CP3OD): 7.14 (s, IH), 6.99 (s, IH), 4.69 (m, 
IH), 4.34 (m, IH), 4.09 (m, IH), 3.74 (s, 3H), 3.68 (s, 3H), 3.61 (s, 2H), 2.98 (s, 3H), 2.83 (s, 
3H), 2.45 (m, IH), 2.20 (m, IH). 
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Example 34 

Preparation of 1 -(3,5-dibxomo-4-metlioxybenzo)d)azeddme-2R<arboxyU^ acid hydroxyamide 




[00332] Step 1 : 3,5-Dibromo-4-meti[ioxybenzoic acid methyl ester was prepared fiom 3,5- 
dibromo-4-hydroxyben2oic acid methyl ester by following Method C iising methyl iodide as an 
alkylating agent in qnantitatiye yield. The product was used without further purification. 

[00333] Step 2: 3,5*Dibromo-4-metfioxybenzoic add was prepared fiom 3,5-dibn>mo-4- 
methoxybenzoic add mefbyi ester by following Method E in 99% yield. The product was used 
without fiirfher purification. 

[00334] Step 3: l-(3,S-<libromo-4-methoxyben2K>yl)azetid]ne-2R-<:arboxyli acid methyl 
ester was prepared by coupling azetidine-2R-caiboxylic acid meAyl ester hydrodiloride salt witii 
3,S-dibromo-4-methoxybenzoic add by fi)llowing Method A and the product was used without 
finther purification. ESMS:w/2 408.1 [M + H]. 

[00335] Step 4: 1 -(3,5-dibromo-4-metfioxyi)en2oyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared from l-(3^-<iibromo-4-methoxyben2oyl)azetidine-2R-carboxylic 
acid methyl ester by following Method B in 5 h. ESMS: m/z 407.1 [M - H). NMR (300 MHz, 
CD3OD): 7.87 (m, 2H), 4.76 (m, IH), 4.40 (m, IH), 4.20 (m, IH), 3.87 (s, 3H), 2.56 (m, IH), 2.33 
(m, IH). 

Example 35 

Preparation of l<34odo-4y5<limefhoxybenzoyl)azetidine-2R<arboxylic add hydroxyamide 




I 



[00336] Step 1 : To a stirred solution of 3-iodo-4,5-dimethoxyben2aldehyde (25 .0 g, 
85.6 mmol) in CH3CN (800 inL) at room temperature, was added a solution of sulfamic acid 
(10.65 g, 109 mmol) in H2O (135 mL). To this was added, dropwise, a solution of NaCI02 (12,65 
g, 1 12 mmol) in H2O (135 mL) over 20 min period. After stirring for a further 30 mm at room 
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temperature, the solvent was removed w vacuo. The reaction was diluted witff hOUTS^^xS^ 
HCl (700 mL) and extracted wiA EtOAc (3 x 300 mL). The combined organic layers were 
washed with brine (600 mL), dried over Na2S04 and concentrated in vacuo to give 3,4- 
dimetfioxy*5-iodobenzoic acid (26 g). The product was used without further purification. 

[00337] Step 2: lK3-Iodo-4,5-dimethoxybenzoyl)azetidine-2R-carboxylic acid methyl ester 
was prepared by coupling azetidine-2R-carboxylic add methyl ester hydrochloride salt with 3- 
iodo-4,5-dimethoxybenzoic acid by following Method A and the crude product was used without 
further purification. ESMS: m/z 406 A [M + H]. 

[00338] Step 3: 1 -(3 Jodo-4,5sJunetho3^benzoyl)azetidine-2R<jaiboxylic acid 
hydroxyamide was prepared firom H3-iodo-4,5-dimethoxybenz©yl)azetidine-2R-carboxylic acid 
methyl ester by following MeAod B in 5 h. ESMS; /n/z 407.3 [M +H], *HNMR (300MHz, 
CP3OD): 7.63 (bs, IH), 7.29 (bs, IH), 4.77 (m, IH), 4.42 (m, IH), 4.18 (m, IH), 3.85 (s, 3H>, 
3.79 (s, 3H), 2.55 (m, IH), 2.33 (m, IH). 

Example 36 

Pirepanttion of l-[3<3-fluoropropyl)-4,5-dimethoxybenzoyl]azetidine.2R-carboxylic add 

hydroxyamide 




[00339] Step 1: To a stirred solution of 3-(3-hydroxypropyl-4,5-dhnethoxy)bOTzoic acid 
methyl ester (Example 20, Step 1, 1,30 g, 5.12 mmol) inCHiCfe (20 mL) at 0 ^'C was added 
triethylamine (2.14 mL, 15.4 mmol) followed by metibanesulfonyl chloride (0,58 mL, 7.68 mmol). 
After 60 mm the reaction mixture was loaded directly onto a column of silica gel and 
chromatographed using 1 :1 EtOAc:hexanes as an eluent to gave the desired mesylate (1 .66 g, 
98%). To a stirred solution of mesylate, fix)m above, (435 mg, 1.31 mmol) in THF (5.0 mL) at 
room temperature was added TBAF (1 .0 M in THF, 2.60 mL, 2.62 mmol). Following the 
addition, the reaction was heated to reflux for 30 min then allowed to return to room temperature. 
The reaction mixture was then diluted with Et20 (100 mL), washed with H2O (100 mL), saturated 
aqueous NH4CI (100 mL), brine (100 mL), dried over MgS04 and concentiated in vacuo. The 
crude product was purified by flash column chromatogr^hy on silica gel using 15% EtOAc in 
hexanes as an eluent to fijmish 3-(3-fluoropropyl)-4,5-<iimethoxybenzoic acid methyl ester (214 
mg). 
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[00340] Step 2: 3-(3-FIuoiopropyl>4,5-dimethoxybenzoic acid was prepared from 3"h[3- 
£liioropn>pyl)-4»5-d]methoxybenzoic acid meOiyl ester by following Method E and the product 
was used m subsequent Step without further purification. 

[00341] Step 3 : 1 -[3-(3-Fiuoropropyl)-4,5.dimethoxybenzx)yl]a2etidine.2R-carfx)xylic acid 
methyl ester was prepared by coupling azetidme-2R-carboxylic acid methyl ester hydrochloride 
with 3-(3-fluoropropyl)-4»5-dimethoxyben2oic acid by following Method A and the crude pnxluct 
was used without further purification. ESMS: m/z 340.5 [M + H). 

[00342] Step 4: l-[3-(3-FluoropropylH,5-dimethoxybenaoyQazetidine-2R<arb^ add 
hydrojQramide was prepared fi^m l-[3-(3-fluoiopropyl)-4,5-dune&oxybenzoyl]azetidine- 
2R-carboxylic acid mefliyl ester by followmg Method B m 3 h. ESMS: m/z 341 .4 + HJ, *H 
NMR(300 MHz, CDCb): 7.13 (bs, IH). 7.01 (bs, 1H>, 5.02 (m. IH), 4.18-4.55 (m, 4H), 3.88 (s, 
3H), 3.87 (s, 3H), 2.71-2.87 (m, 3H), 2.53 (m, IH), 1,88-2.05 (m, 2H). 

^cample 37 

Preparation of l-(3-trifluoromediyltfaiobeQzoyl)azetidine-2R-carboxylic acid hydioxyamide 




[00343] Step 1 : l-(3-Trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid methyl ester 
was prqjared by reacting azetidine-2R-carboxylic acid methyl ester hydrochloride salt with 3- 
trifluoromethyhhiobenzoic acid by following Method A and the crude product was used without 
fiirther purification. ESMS: m/z 3203 [M H- H]. 

[00344] Step 2: lK3-Itifluoromethyl1hiobenzoyl)a2»tidine-2R-carboxylic add 
hydroxyamide was prepared fix)m l-(3-tiMuoiomethyl1faiobenzoyl)azetidme-2R-catboxylic acid 
methyl ester by following Method Bui 4 h. ESMS: m/z 321.3 [M+HJ. ^HNMR(300MH2; 
CDCI3): 7.90 (bs, IH), 7,75 (m, 2H),'7.47 (m, IH), 5.03 (m, IH), 4.45 (m, IH), 4.18 (m, IH), 2.75 
(m,lH),2.55(m,lH). 

Example 38 

Preparation of l-(4-trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid hydroxyamide 
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[00345] Step 1 : H4-Trifluoromethylthiobenzoyl)a2etidme-2R-carboxylic acidmethyl ester 
was prepared by reacting azetidine-2R-carboxylic add methyl ester hydrochloride salt with 4- 
trifluoromethylthiobenzoic acid by following Method A and the crude product was used without 
further purification. ESMS: rn/z 3203 [M + H]. 

[00346] Step 2: H4-TrifluorDmethylthiobenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared fix)m l-(4-trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid 
mettqrl ester by following Method Bin 3 h. ESMS: m/^ 321.2 [M + Hj. 'HNMR(300MHz, 
CDCI3): 7.68 (q, 7.2 Hz, 4H), 5.08 (m, IH), 4.45 (m, IH), 4.27 (m, IH), 2.85 (m, IH), 2.55 (m, 
IH). 

Example 39 

Preparation of l-(3-trifluoroniethanesulfinylbenzoyl)azetidine--2R-carboxylic add hydroxyamide 




[00347] Step 1 : To a stirred solution of K3-tri£luor(»netfayltbiobenzoyl)azetidine- 
2Rs:arboxylic acid hydroxyamide O^ample 37, Step 2, 65 mg, 020 mmol» 1 eq.) in CH2CI2 
(3.0 mL) at 23 "C was added meta-chloroperbenzoic acid (m-CPBA) (commercial 77% max, 70 
mg). After 3 h» more i»-CPBA (70 mg) was added. After stiirixig for 45 niin, the solution was 
concentrated and the crude product was purified by preparative HPL€ to furnish K3- 
tafluoremetibanesulfinylbenzoyl)a2etidine-2R'<^texyU^ acid hydroxyamide (19 mg). ESMS: 
m/z 337 J [M + H]. NMR (300 MHz, CDCI3): 8.08 (bs, IH), 7.89 (m, 2H), 7.69 (m, IH), 5.04 
(m, IH), 4.48 (m, IH), 4.20 (m, IH), 2.76 (m, IH), 2.56 (m, IH). 

Example 40 

Preparation of l-(3-trifluoromethoxy«4-me*hoxy-5-propylben2oyl)a2»tidine-2R'K:arboxylic acid 

hydroxyamide 




[00348] Step 1 : 2-Allyl-4-nitro-6-trifluoromethoxyphenol was prepared fiom l-allyIoxy-4- 
mtro-2-trifiuoromethoxybenzene (Example 26, Step 2) foUowmg Method D. The reaction was 
conducted for 1 7 h. Hie residue was purified by flash colunm chromatography on silica gel using 
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EtOAcihexanes (0-20%) as an eluent to give 2-aUyl-4-nitro-6-tiifluon)metfiox)phen^^^ 70% 
yield. 

[00349] Step 2: l-Myl-2-me1ixoxy-5-mtn>-3-trifluoromethoxybenzene was prepared fiom 
2-allyl-4-rdtro-6-tri£luoroinethoxyphenoI and methyl iodide by following Method C. The reaction 
was conducted at room temperature for 17 h. The residue was purified by flash column 
diromatography on silica gel using EtOActhexanes (0-5%) as an eluent to give l-allyl-2- 
methoxy*S-nitro-3-trifluoromethoxybenzene in 52% yield. 

[00350] Step 3: To a stirred solution of l-aIlyl-2*methoxy-5-nitro-3- 
trifluorometiioxyb^izene (1 .9 g, 6.86 mmol, 1 eq.) in MeOH (26 mL) at room temperature was 
added aqueous HCl solution (3.4 mL, 3.0 M) followed by 10% Pd/C (256 mg). The reaction 
mixture was sttned under Hizatomosphexe for 17h,£Uteredtlirou^ and 
concentrated in vacuo to give 4-metfaoxy-3-propyl-5-trifluorometho3^henylanune hydrochloride 
(1.6 g). The product was used without iiirdier purification. 

[00351] Step 4: 5-Iodo-2-methoxy-l-pn)pyl-3-trtfluoromethoxyben2ene was preapred fiom 
4-methoxy-3-propyl-5-trifluoromethoxyanilinB hydrochloride salt by following Method L. The 
residue was chromatographed on silica gel to afford 5-iodo-2-methoxy-l-propyl-3- 
trifluoromethoxybenzene 71% yield, 

[00352] Step 5: 4-Mefhoxy-3-piopyl^5-trifluorom6thoxybenzoic acid was prepared firom 5~ 
iodo-2-me1hoxy-l-pn)pyl-3-trifhion>methoxybenzene by following Method M. The residi:be was 
purified by flash column chromatography on silica gel to give 4-mefhoxy-3-propyI-5- 
trifluorometfaoxybenzoic acid in quantitative yield. 

[00353] Step 6: l-(4-Methoxy-3-propyl-S-trifiuQrometfao;g^enzoyl)azetidine- 
2R-caiboxylic add methyl ester was prepared by coupling azetidine-2R-carboxylic acid methyl 
esber hydrochloride with 4-medioxy-3-propy]-5-trifluoromefhaxybenzoic acid by following 
Method A and the crude product was used without purification. ESMS: m/z 376.3 [M + H]. 

[00354] Step 7: l-(4-Methoxy-3-propyl-5-trifluoromethoxybenzoyI)azetidine- 
2R-carboxylic acid hydroxyamide was prepared from l-(4-methoxy-3-propyl-5- 
trifluoromethoxybenzoyl)azetidine-2R-carboxylic acid methyl ester by following Method B in 5 
h. ESMS: m/z 377 A [M + H]. NMR (300 MHz, CD3OD): 7.50 (s, IH), 7.47 (s, IH), 4.79 (m, 
IH), 4.42 (m, IH), 4.20 (m, IH), 3.86 (s, 3H), 2.64 (t, 7.5 Hz, 2H), 2.60 (m, IH), 2.34 (m, IH), 
1.60 (m, 2H), 0.934 (t, 7.2 Hz, 3H). 
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Example 41 

Preparation of l-(3-bromo-4,S-d]methoxybenzoyl)azetidine-2R^:ar^ acid hydroxyamide 




[00355] Step 1 : To a stirred solution of 3-biomo-4,S-<linietiioxybeDzaIdehyde (S.O g, . 
20.5 mmol, 1 eq.) in CH3CN (192 mL) at room temperature was added a solution of sulfiimic acid 
(2.55 g, 26.3 mmol) in H20 (32 mL) followed by a dropwise addition of a solution of NaClOz 
(3.03 g, 26.8 mmoU 1 .3 eq.) in B2O (32 mL) ov^ -20 min period. After sdtrii^ for 30 min at 
room temperatme, the solvent was removed in vacuo. The readue was dissolved in 1.0 M aqueous 
HCl (300 mL) and extracted with EtOAc (3 x 100 mL). The combined organic layer was washed 
with brine (300 mL), dried over Na2S04 and concentrated in vacuo to give 3-l»omo-4,S- 
dimethoxybenzoic acid (5.0 g). Hie product was used without further purification. 

[00356] Step 2: l<3-Bromo-4,5'<limethoxybenzoyl)azetidine-2R<K»]iK^ acid meOyl 
ester was prepared by coupling azetidine-2R-carboxylic add methyl ester hydrochloride salt with 
3-bromo-4,5-dimetiioxybenzoic add according to Method A and used the crude product without 
fiirflier purification. ESMS: m/z 359.2 [M+H]. 

[00357] Step 3: l-(3-Bromo^,5-dimethoxybenzoyl)azetidine-2R-caiboxylic acid 
hydroxyamide was prepared from l-(3-bromo-4,5-dimethoxybenzoyl)azetidine-2R-carboxylic 
acid methyl ester by following Method B in 5 h. ESMS: m/z 358.2 [M - H]. *H NMR (300 MHz, 
CD3OD): 7.45 (s, IH), 7.29 (s, IH), 4.79 (m, IH), 4.44 (m, IH), 4.19 (m, IH), 3.88 (s, 3H), 3.82 
(s, 3H), 2.58 (m, IH), 2.34 (m, IH). 

Example 42 

Preparation of l<<3-ethynyl-4,5-dimetfaoxybenzoyl)azetidine-2R-carboxylic acid hydroxyamide 




II 
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{00358] Step 1 : To a stiired solution of 3-iodo-4,5-dimethoxybenzoic acid (6,16 g, 
20.0 minol) in a mixture of EtsN (40 mL) and benzene (40 mL) at room temperature, was added 
Cul (380 mg, 2 mmol), Pd(PPh3)4 (462 mg, 0.4 mmol) and (trimethylsilyl)acetylene (3.4 mL, 
24 mmol). After stirring for 3 days at room temperature, the solvent was removed in vacuo, the 
residue was diluted with 1 N HCl aqueous solution (300 mL) and then extracted with EtOAc (3 x 
100 mL). The combined organic layer was washed with brine (300 mL), dried over Na2S04 and 
concentrated in yacuo to &ve 3,4-dimethoxy-5-(trimethylsilanylethynyl)benzoic acid (5.6 g). The 
product was used without furth^ purification. 

[00359] Step 2: To a stirred solution of 3,4-dimethoxy-5-(trimethylsilanylefliynyl)benzoic 
add (5.56 g, 20 nraiol) in THF (115 mL) at 0 **C was added TBAF (LO M solution in T^ 
30 mL, 30 mmol). Hie resulting solution was stirred at 0 for 30 min» tiien the reaction mixture 
was diluted whh 1 N HCl aqueous solution (200 mL), retracted with EtOAc (3 x 70 mL). The 
combined or^ouc layer was washed with brine (100 mL), dried over N%S04, concentrated 
in vacuo to ^ve 3-efhynyl-4,S-dimetfaoxybenzoic acid (4.0 g). The product was used without 
further purification. 

[00360] Step 3: l-(3-Ethynyl-4,5-dimetfaoxybenzoyl)azetidine-2R-carboxylic acid methyl 
ester was prepared by coupling azetidine-2R-carboxylic acid methyl ester hydrochloride salt with 
3-ethynyl-4,5-dimethoxyben2oic acid according to Method A and used the crude product without 
further purification. 

[00361] Step 4: l-(3-Ethynyl-4,5-dimetiioxybenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared fi-om l-(3-ethynyl-4,5-dimethoxybeii2oyl)azetidine-2R-carboxylic 
acid metihyl ester by following Method Bin 5 h. ESMS: m/^ 303.1 [M-H]. ^HNMR(300MHz, 
CD3OD): 7.32 (bs, 2H), 4.79 (m, IH), 4.44 (m, IH), 4.19 (m, IH), 3.88 (s, 3H), 3.86 (s, 3H), 3.71 
(s, IH), 2.58 (m, IH), 235 (m, IH). 

Example 43 

Preparation of l-(3,4-dimethoxy-5-prop-l-ynylbenzoyl)azetidine-2R-carboxylic acid 

hydroxyamide 
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[00362] Step 1 : To a stined solution of 3-iodo-4,5-dimethoxybeii2oic acid (12.32 g, 
40.0 mmol) in mixture of EtsN (80 mL) and benzene (80 mL) at room temperature was added Cul 
(760 mg, 4 mmol) followed by Pd(PPh3)4 (924 mg, 0.8 mmol, 0.02 eq.). After stirring for 2 days 
under piopyne atmosphere (balloon) at room temperature, ihe solvent was removed, the residue 
was suspended in IN HCl aqueous solution (300 mL) and then extracted with EtOAc (3 x 
100 mL). The combined organic layer wash washed with brine (300 mL), dried over Na2S04 and 
then concentrated in vacuo to give 3,4-dimethoxy-5-prop-l-ynylbenzoic acid (9.7 g). The product 
was used without further purificatioa 

[00363] Step 2: 1 <3,4-Itoethoxy-5iMrop-l-ynylbenzoyl)azetidm^^ add 
methyl ester was prepared by coi^ling azetidine-2R-carbox3dic acid methyl ester hydrochloride 
salt with 3,4-dimethoxy-S-prop-l-ynylbenzoic add according to Method A and used fliis product 
without forther purificatioiL 

[00364] Step 3: l-(3,4-Dimethoxy-5-prop-l-ynylbenzoyl)a2etidine-2RKarboxylic add 
hydioxyamide was prepared from l-(3,4-dimetihoxy-5-prop-l-ynylben2oyl)azetidine- 
2R-carboxylic acid methyl ester by following Method Bin 5 h. ESMS:iw/r 317.3 [M-H]. *H 
NMR (30P MHz, CD3OD): 7.25 (bs, 2H), 7.09 (bs, IH), 4.81 (m, IH), 4.45 (m, IH), 4.20 (m, 
IH), 3.87 (s, 3H), 3.86 (s, 3H), 2.58 (m, IH), 2.36 (m, IH), 2.06 (s, 3H). 

Example 44 

Preparation of l-(3-methoxy-5-propylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide 




PH 
NH 



[00365] Step 1 : To a stirred solution of 4-hydroxy-3-methoxy-5-propylbenzoic add methyl 
ester (Example 1, Step 3, 1.5 g, 6.7 mmol) in CH2CI2 (40 mL) at 0 was added 2,6-lutidine 
(0.93 mL, 8.04 mmol), followed by trifluoromethanesulfonic anhydride (1.35 mL, 8.02 mmol). 
The reaction mixture was continued stirring at room temperature for 2 h. To tins was added IN 
HCl aqueous solution (150 mL) and the resulting suspension was extracted with CH2CI2 (3 x 
50 mL). The combined organic layer was washed witii brine (100 mL), dried over N^S04 and 
concentrated in vacuo. The resulting residue was pxirified by column chromatography to afford 3- 
methoxy-5-propyl<4-trifluoromethanesulfonyloxybenzoic acid methyl ester (2.0 g). 
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[00366] Step 2: To a mixture of 3-methoxy-5-propyl-4-tii£Iuoix)meflianesiilfonyloxybei^ 
acid methyl ester (1.0 g, 2.8 mmol), Pd(0Ac)2 (31 mg, 0.138 mmol) and l,r-bis- 
(dipheny]phosphino)fenocene (ISS mg, 02S mmol) at loom temperature was added DMF 
(20 mL), then EtjN (1.17 mL, 8.4 mmol) followed by formic acid (0.21 mL, 5.6 mmol). The 
resulting mixture was stirred at 60 ^^C for 2 h and cooled to room temperature. The reaction 
mixture was diluted with aqueous NaHC03 solution (1 50 mL) and then extracted widi EtO Ac (3 x 
70 mL). The combined organic layer was washed with brine (100 mL), dried over Na2S04, 
concentrated in vacuo, and the residue was purified by column chromatogr^hy to afford 3- 
methoxy-5-propylbenzoic acid methyl ester (0.56 g). 

[0D367] Step 3: 3-Mefhoxy-5-propyIbeDzoic acid was prepared fiom 3-mefhoxy-5- 
propylbenzoic acid me&yl ester following Method E. The reaction was conducted at room 
temperature for 20 h. The product was used without fiirther purification 

[00368] Step 4: l-(3-Methoxy-5-pro|^Ibenzoyl)a2Stidine-2RH:afboxylic acid meOiyl ester 
was prepared by coupling azetidine-2R-carboxylic acid mediyl ester hydrochloride sah with 3- 
mefhoxy*5-propylb«izoic acid according to Method A and used the product without furOi^ 
purification. 

[00369] Step 5: 1 -(3-Methoxy-5-propylbenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prq>ared from l-(3-methoxy-5-prop)dbenzoyl)azetidine-2R-carboxylic acid 
methyl ester by following Method B in 5 h. ESMS: w/z 291 .1 [M - HJ. *H NMR (300 MHz, 
CD3OD): 7.06 (s, IH), 7.02 (s, IH), 6.89 (bs, 2H), 4.78 (m, IH), 4.42 (m, IH), 4.15 (m, IH), 3.79 
(s, 3H), 2.59 (m, 3H), 2.35 (m, IH), 1.63 (m, 2H), 0.96 (t, 3H). 

Example 45 

Preparation of l-(3-methoxy-5-trifluoromethylthiobenzoyl)azetidine-2R-caiboxylic acid 

hydroxyamide 




[00370] Step 1 : To a stirred solution of 3-hydroxy-4-methoxybenzoic acid metiiyl ester 
(10.0 g, 54.95 mmol) in DMF (160 mL) at 0 X was added NaH (2.32 g, 58 mmol, 60% in mineral 
oil) in small portions. The resulting mixture was stirred at room temperature for 30 min then 
cooled to 0 using ice bath. To this solution was added dimethylthiocarbonyl chloride (7.5 g, 
60.7 mmol, 1 .1 equi) in one portion. The resulting mixture was stirred at room temperature for 3 
h and then at 75 for 1 .5 h. The reaction mixture was cooled to room temperature, stirred at 
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room temperature for 17 h» then diluted with water (ISOO mL) and extracted with ethyl ether 
(3 X 300 mL). The combined organic layer was washed with hrine (500 mL), dried over Na2S04, 
concentrated in vacuo and the residue was purified by column chromatography to afford 3- 
dimefhylthiocarbamoyloxy-4-metfaoxybenzoic acid methyl ester. 

[00371] Step 2: A stirred solution of 3-dimethylthiocarbamoyloxy-4-methoxybenzoic acid 
methyl ester (5.6 g, 20.8 mmol) in phenyl ether (1 50 mL) was heated to reflux for 20 h. The 
reaction mixture was cooled to room temperature and was purified by silica gel column to afford 
3-dimetfaylcarbamoylthio-4-methoxybenzoic acid methyl ester (4.13 g). 

[00372] Step 3 : To a stirred solution of 3- dimettiylcarbamoyltfaio-4-metfaoxybenzoic acid 
me&yl ester (530 mg, 1 .97 mmol) m THF (10 mL), was added MeONa (10 mL, 0.5 M solution in 
MeOH). The resulting inixture was heated to reflux for 3 hand then cooled to room tem 
The reaction mixture was diluted with IN HCl aqueous solution (100 mL), extracted with ElOAc 
(3 X 50 mL). The combined organic layer was washed with brine (100 mL), dried over Na2S04, 
concentrated in vacuo to afford 3-mercapto4-methoxybenzoic add metti^ ester (0.42 g}. The 
product was used without fiirther purification. 

[00373] Step 4: To a stirred solution of 3-mercapto-4-methoxybenzoic acid methyl ester 
(0.42 g, 2.12 mmol) in DMF (5.0 mL) at 0 °C was added NaH (102 mg, 2.55 mmol, 60% in 
mineral oil) in small portions. The resulting mixture was stirred at room tempeiaturc for 30 min 
and then charged with a balloon full of CF3I gas. The reaction was stirred at room temperature for 
30 min and then at 70 for 2 h. After cooling to ix)om temperature, the reaction mixture was 
diluted with water (100 mL) and extracted with EtOAc (3 x 50 mL). The combined organic layer 
was washed with brine (100 mL), dried over Na2S04 and concentrated in vacuo. The resulting 
residue was purified by column chromatography to afford 4-methoxy-3- 
trifluoromethylthiobenzoic acid methyl ester (0.33 g). 

[00374] Step 5: 4-Methoxy-3-trifluorometfayltiiioben2oic acid was prepared fiom 4- 
melhoxy-34rifiuoromethylthiobenzoic acid mefliyl ester following Mediod B. The reaction was 
conducted at room temperature for 20 h and the resulting product was used wifliout fixrther 
purificatioa 

[00375] Step 6: H4-Methoxy-3-trifluorometlQrlthiobenzoyl)azetidme-2R-carboxyUc acid 
methyl ester was prepared by coupling azetidine-2R-carfooxylic acid methyl ester hydrochloride 
salt with 4-methoxy-3-trifluoromethylthiobenzoic acid according to Method A and used the 
product without furth^ purification. 
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100376] Step 7: l-(4-Mefhoxy-3-trifluoromethylthiobenzoyl)a2Btidme-^ acid 
hydroxyamide was prepared firom l-(4-methoxy-3-trifluoromethyhhioben2oyl)a2etidme- 
2R-carboxylic acid methyl ester by following Method B in 5 h. ESMS: m/z 349.0 [M H]. 
*H NMR (300 MHz, CD3OD): 7.98 (s, IH), 7,88 (bd, , J= 8.4 Hz, IH), 7.20 (d, J= 8.4 Hz, IH), 
4.82 (m, IH), 4.48 (m, IH), 4.23 (m, IH), 3.95 (s, 3H), 2.59 (m, IH), 2.37 (m, IH). 

Example 46 

Preparation of l-[3-(l,2,2,2-tetrafluoro-l-trifluorome4ylethylthio)benzoyl]-azetidine- 

2R-carboxylic acid hydroi^amide 




[00377] Step 1 : To a stirred solution of 3-mercaptobenzoic add methyl ester (2.32 g, 
13.8 mmol) in DMF (15 mL) at was added NaH (60% dispersion in mineral oil, 608 mg, 
15.2 mmol) in small portions. After stirring for 10 min at 0 X, and a further 30 min at room 
temperature, p^uoroisopropyl iodide (2.16 mL, 15.2 mmol, 1.1) was added to the reaction. 
Following the addition, the reaction was stirred for 1 0 min at room temperature and then heated to 
60 °C. After 90 min at 60 °C the reaction was cooled to room temperature, diluted with ethyl 
eOio: (1 50 mL), washed witii brine (2 x 200 mL), saturated aqueous NaHCQa (200 niL)^ brine 
(1 00 mL), dried over MgS04 aiul fhen concentrated in vacuo. The residue was purified by flash 
column chromatography on silica gel using 5% EtOAc in hexanes as an eluent to fumish 3- 
(i;2,2,2-teb:afluoio-l-trifluotomethyle&ylfhio)ben2oic acid methyl ester (3.13 g). 

[00378] Step 2: 3-(l,2^,2-tetiafluoio-l--trifluoromefhylefhyltiuo)benzoic add was prepared 
fiom 3-(l^^>tetrafluoro-l-trifluoiomethylethylthio)benzoic add methyl ester by following 
Metiiod E in quantitative yield and tiie product was used without fiurtfaer purification. ESMS: m/z 
321,1 [M-H]. 

[00379] Step 3: l-[3-(l,2,2,2-tetrafluoK>-l-trifluoromethylethylthio)benzoyl]azetidme. 
2R-carboxylic add methyl ester was prepared by reacting azetidine-2R-carboxylic acid methyl 
ester hydrochloride salt with 3-(l,2,2,2-tetrafluoro-l-trifluoromethylethylthio)benzoic add 
following Method A. ESMS: rn/z 420.1 [M + H]. 

[00380] Step 4: l-[3-(l,2A2-tetrafluoro-l-trifluoromethylethyltMo)benzoyl]a^ 
2R-carboxylic acid hydroxyamide was prepared firom l-[3-(l A2^-te1rafluoro-l- 
trifluoromc1hylethylthio)benzoyl]azetidine-2R-carboxylic acid methyl ester by following Method 
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Bin5h.ESMS:m/z 421.1 [M + HJ. NMR (300 MHz, CDCIa)! 7.88 (b^ lH),7.8"0(bs,lH5, 
7.77 (bs, IH), 7.50 (t, 7.5 Hz, IH), 5.04 (m, IH), 4.41 (m, IH), 4.19 (m, IH), 2.82 (m, IH), 2.58 
(m, IH). 

Example 47 

Preparation of l-(3,5-bis-tri£luorome%lthiobenzoyl)azetidine-2R-carboxylic acid hydroxyamide 




{00381] Step 1 : To a stitred solution of 3»5-dihydioxybenzoic acid methyl ester (10.0. g, 
59.5 mmol) in DMF (200 mL) at 0 °C was added NaH (60% dispersion in mineral oil» 5.00 g, 
125niimol,2.l eq.) in small portions. The reaction niixture was stirred at O^C for 15 min then 
^varmed to room temperature. After 1 h, die reaction mixture was cooled to O^'C and then added 
dimefhyttfaiocarbamoyl chloride (14.7 g, 1 19 mmol). Following Ifae addition, the reaction was 
stirred for 45 min at 0 ^C, then for 30 min at room t^perature and tiien heated to 80 ^C. After 
2 h at 80 the reaction mixture was cooled to room temperature and then added to 1 % aqueous 
KOH (500 mL). Hie resultii^ mixture was extracted with ethyl ether (2 x 500 mL). The organic 
layer was washed with H2O (500 mL), brine (300 mL), dried over MgS04 and concentrated 
in vacuo to afford 3,5-bi5-<)imethyltfaiocarfoamoyloxybenzoic acid methyl ester (13.0 g). This 
material was used without furtiber purification. 

[00382] Step 2: 3,5-Bis-dimethylthiocarbamoyloxybenzoic acid methyl ester (3.2 g) was 
heated under vacuum at 200 ^^C for 1 8 h. After cooling to room temperature, the product was 
purified by flash column chromatography on silica gel using 67% EtOAc in hexanes as an ehient 
to furnish 3,5-bis-dunethylcarbamoylthiobenzoic acid methyl ester (1.46 g). 

[00383] Step 3 : To a stirred solution of 3,5*bis-dimethylcarbamoylthioben2oic acid methyl 
ester (445 mg, 1.30 mmol) in THF (10 mL) at room temperature was added MeONa (0.5 M in 
MeOH, 10.0 mL, 5.0 mmol). The reaction was refluxed for 3 fa, then cooled to room temperature, 
and added to 1 .0 N HCl aqueous solution (1 00 mL). The resulting mixture was extracted with 
EtOAc (1 00 mL). The organic layer was washed with brine (50 mL), dried over MgS04 and 
concentrated in vacuo to afford 3»5-dimercaptobenzoic acid methyl ester (220 mg). The product 
was used without fiuther purification. 
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[00384] Step 4: To a stirred solution of 3,5-dimercaptobenzoic add methyl estio* (220 mg, 
1 . 1 mmol) in DMF (10 mL), at room temperature was added NaH (60% dispersion in mineral oil, 
132 mg, 3.3 mmol, 3 eq.) in small portions. After stirring for 40 min at room temperature, flie 
reaction vessel was evacuated for 30 sec <needle to pump) then the vacuum was broken with 
trifluoromethyl iodide gas (balloon). The reaction was stirred for 20 min at room temperature 
then heated to 60 ""C. After 60 min at 60 °C the reaction was cooled to room temperature, diluted 
with ethyl elher (100 mL), washed with 1 N HCl aqueous solution (100 mL), brine (50 mL), dried 
over MgS04 and concentrated in vacuo to give 3,5-bis-trifluoromethylthioben2oic acid methyl 
ester. Tliecnide. product was used without further purification. 

[00385] Stq) 5: 3,5-Bis-trifluoromethylthiobenzoic acid was prepared 
trifluorpmethylthiobenzoic add methyl ester by following Method E and 4c product was without 
further purification. 

[00386] Step 6: l-(3,5-Bis-trifluorome%lthiobcnz»yl)azetidine-2R-cari>oxylic add mefliyl 
ester was prepared by reacting azeddine-2R-carbo3qrlic add mefh^ ester hydiodiloride salt with 
3^-bis-trifluoromethylthiobenzoic add following Method A. 

[00387] Step 7: l-(3,5-Bis-trifluoromethylthiobenzoyl)azetidme-2R-carboxylic add 
hydroxyamide was prepared &om l-(3,5-bis-trifluoromethyltbiobenzoyl)azetidme-2R-carboxylic 
acid methyl est^ by foUowing Method B in 5 L ESMS: m/z 421.0 [M + H]. ^HNMR (300 MHz, 
CDCI3): 8.05 (bs, IH), 8.03 (bs, 2H), 5.03 (dd, 6.0 Hz, 9.0 Hz, IH), 4.48 (dd, 9.0 Hz, 15 Hz, IH), 
4.19 (dd, 8.4 Hz, 15 Hz, IH), 2.71 (m, IH), 2.56 (m, IH). 

Example 48 

Preparation of l-(3-methoxy-5-trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid 

hydroxyamide 




[00388] Step 1: To a stiired solution of 3,5-dihydroxybenzoic acid methyl ester (10.0 g, 
59.5 mmol) in DMF (200 mL) at 0 **C was added NaH (60% dispersion in mineral oil, 2.62 g, 
65.4 nunol) in small portions. The reaction mfacture was stirred at 0°C for 15 min then warmed to 
room temperature. After 1 h at room temperature, the reaction mixture was cooled to 0 ^'C and 
then dimethylftiocarbamoyl diloridc (7.35 & 59.5 mmol) was added- Following the addition, the 
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reaction was stiired for 15 min at 0 ^'C, then for 30 min at room temperature and thm heated to 
80 °C. After2hat80 the reaction mixture was cx>oled to room temperature 
HQ aqueous solution (500 mL). The resulting mixture was extracted with ediyl ether (500 mL). 
The oi^anic layer was washed with H2O (300 mL), brine (150 mL), dried over MgS04 and 
concentrated in vacuo. 3-Dimethylthiocarbamyloxy-5-hydroxybenzoic acid methyl ester was 
separated from the undesired bis-adduct by flash column chromatography using 50% EtOAc in 
hexanes as eluent Tlie material obtained (2.37 g) was contaminated with unreacted 3^- 
dihydroxybenzoic acid methyl ester and was used without further purification. 

[00389] Step 2: To a stirred solution of 3-dimeihylthiocarbamyloxy-5-hydroxybenzoic acid 
methyl ester (2.37 g, inqnue) in DMF (30 mL) at room temperature was added K2CO3 (3,85 g, 
27.9 mmol), followed by iodomethane (1.16 mL, 1 8.6 mmol). After stirring for 3.5 h at room 
t^perature fhe reaction mixture was partitioned between ethyl e Aer (200 mL) and H2O 
(200 mL). The organic layer was washed with brine (100 mL), dried over MgS04 and 
co]3oentiated in vacuo. The residue was purified Iqr flash column chromatography on silica gel 
using 33% EtOAc in hexanes as an eluent to fiumish 3-dimefhyltfaiocarbamyloxy-5- 
mefhoxybenzsoic add mefhyl ester (1 30 g, 4.83 mmol). 

[00390] Step 3: 3-Dimethylcarbamyloxy-5-methoxybenzoic add methyl ester was heated 
under nitrogen atmo^ere at 240 °C for 4 h. After cooling to room tea4)erature the product was 
purified by flash column chromatognqphy on silica gel using 50% EtOAc in hexanes as an eluent 
to fiimish 3-dimethylcaibamyWno-5-metboxybenzoic acid methyl ester (77% yield). 

[00391] Step 4: To a stirred solution of 3-dimethylcarbamylthio-5-methoxybeazoic acid 
methyl ester (500 mg, 1 .86 mmol) in THF (10 mL) at room temperature was added MeONa (0.5 
M in MeOH, 10.0 mL, 5.0 mmol, 2.69 eq.). The reaction was refluxed for 2 h, then cooled to 
room temperature and added to l.O N HCl aqueous solution (150 mL). The resulting mixture was 
extracted with EtOAc/hexanes (1:1,1 50 mL), The organic layer was washed with brine 
(100 mL), dried over MgS04 and concentrated in vacuo to give 3-merc^to-5-methoxybenzoic 
acid methyl ester (0.365 g). The product was used without further purification. 

[00392] St^ S: To a stirred solution of 3-mercapto-5-methoxybenzoic acid methyl ester 
(360 mg, 1.82 mmol) in DMF (15 mL) at 0 "^C was added NaH (60% diq)ersion in mineral oil, 87 
mg,2.18mmol, 1.2 eq.) in small portions. After stirring for 10 min at 0*'C, then for a fiirther 40 
min at room temperature, the reaction vessel was evacuated (60 sec, needle to pump) then the 
vacuum was broken with trifluoromefhyl iodide gas (balloon). This was stirred for 5 min at room 
temperature then heated to 100 X. After 2 h at 100 the reaction was cooled to room 
temperature, diluted with ethyl ether (100 mL), washed with 1 N HCl aqueous solution (100 mL), 
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brine (50 mL), dried over MgS04 and concentrated in vacuo. The residue was purified by flash 
column chromatography on silica gel using 20% EtOAc in hexanes as an eluent to furnish 3- 
methoxy-5-trifluoromcthylthiobenzoic acid methyl ester (160 mg). 

[00393] Step 6: 3-Methoxy-5-trifluoromethylthiobenzoic acid was prepared from 3- 
methoxy-S-trifluoromeihylthiobenzoic acid methyl ester in quantitative yield by following 
MettiodE and tiiepn)duct was used without further purifi^ ESMS: m/z 251.3 [M-H]. 

[00394] Step 7: l<3-Meihoxy-5-trifluoromethylthioben»yl)azetidine-2R-car add 
me&yl ester was {nepared by reacting azetidine-2R-carix>xylic acid methyl ester hydrochloride 
salt vnlii S-mefho^r^-S-trifluoromethylthiobenzoic acid following Method A and the product was 
used without further purification. 

[00395] Step 8: 1 -(3-Methoxy-5-trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid 
hydioxyamide was prepared &om the l-(3-methoxy-5-trifluoromethylthioben2oyl)a2etidine- 
2R-carboxylic acid methyl ester by followmg Method B in 5 h. ESMS: m/z 349.0 [M - H]. 
NMR (300 MHz. CDCI3): 7.40 (bs, IH), 7.27 (bs, IH), 7.26 (bs, IH), 5.01 (dd, 6.0 Hz, 9.0 Hz, 
IH), 4.41 (dd, 9.0 Hz, 15 Hz, IH), 4.17 (dd, 8.4 Hz, 15 Hz, IH), 3.84 (s, 3H), 2.71 (m, IH), 2.56 
(m,lH). 

Example 49 

Preparation of l-(4-methoxy-3*piopyl-5-trifluoromethyltfaiobenzoyl)azetLdine-2R-carboxylic acid 

hydroxyamide 




[00396] Step 1 : 4-Allylo5orben2oic acid methyl ester was prepared by reacting 4- 
hydroxybenzoic acid methyl ester with allyl bromide following Method C in 91% yield. The 
reaction was conducted at room temperature for 16 h and the resulting product was used without 
further purification. 

[00397] Step 2: 3-Allyl-4-hydT0xybenzoic acid methyl ester was prepared from 4- 
allyloxybenzoic add meHqrl ester following Method D in 90% yield. The reaction was conducted 
neat at 200 X for 2 days. The resulting product was passed through a pad of silica gel and eluted 
with 30% hexanes in EtOAc. 
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[00398] Step 3 : 3-Allyl-4-inethoxybenzoic acid methyl ester was prepared from 3-AIlyl-4- 
hydroxybenzoic acid methyl ester according to Method C using methyl iodide as an alkylating 
agent in quantative yield. This product was used without further purification. 

[00399] Step 4: 4-Methoxy-3-propylbenzoic acid methyl ester was prepared from the 
conesponding 3-Allyl-4-methoxybenzoic acid methyl ester according to Method H. This product 
was used without fbrther purification. 

[00400] Step S: To a stined solution of NaNCb (0.82 & 9,62 mmol) in TFA (15 mL) at 0 X 
was added 4-mefhoxy-3-propylbenzoic add methyl ester (2.0 g, 9.62 mmol). After 45 min ibe 
reaction was wanned to room temperature. After stirring for a further 2 days, the reaction mixture 
wasdiluted with ethyl ether (200 mLX^^^ashed with H2O (3 x 100 mL), saturated aqueous 
NaHCQs solution (2 x 100 ml), brine (SO mL), dried over MgS04 and concentrated in vacuo. 
The product was purified by flash column chromatography on silica gel uahg 20% EtOAc in 
hexanes as an eluent to afford 4-metfaoxy-3-nitro-5-propylbenzoic acid methyl ester (2.20 g).' 

{00401] Step 6: To a stirred solution of 4-methoxy-3-mtro-5-propyiben2oic acid methyl 
ester (2.20 g, 8.70 mmol) in MeOH (70 mL) at room temperature was added 3.0 N HCl aqueous 
solution (4.5 mL, 13.5 mmol) followed by Pd/C (10% by wt., 500 mg). The resulting mixture was 
evacuated for 60 sec (needle to pump) them the vacuum was broken with H2 gas (balloon). After 
stirring for 4 days at room temperature, the reaction mixture was filtered through a pad of celite 
and washed with MeOH (1 50 mL). The combined filtrate was concentrated in vacuo and the 
residue was purified by flash column chromatography on silica gel using 25% EtOAc in hexanes 
as an ehient to fiimish the desired product Recrystallization fix)m hot EtOAc gave pure 3-amino- 
4-methoxy-5-propylbenzoic acid methyl ester (1 .47 ^. 

[00402] Step 7: To a stirred solution of 3-amino-4-metfao3gr-5-propylbenzoic add methyl 
ester (1 .47 g, 5.65 mmol) m dioxane (20 mL) and H2O at room tenqperature was added H2SO4 
(concentrated, 0.80 mL). The resulting mixture was cooled to -10 and treated with a solution 
of NaNQz (400 mg) in H2O (5.6 mL) by adding dropwise over a period of 5 min. After stining a 
furtiier 30 min at -10 the reaction was warmed to 0 ^C. After a stirring a further 30 min at 
0 the reaction mixture was poured onto an ice-cold solution of EtOCSiK (L80 g> 2 eq.) in H2O 
(20 mL). The transfer was quantitated with H2O wash (10 mL). The resulting mixture was 
allowed to warm to room ten)perature and stirred for a further 30 min before extracting with 
EtOAc (2 X 100 mL). The organic layer was washed with brine (50 mL), dried over MgS04 and 
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel 
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using 20% EtOAc in hexanes as an eluent to fiimish 2-ethoxyaiiocarbonyltfaio-4-methaxy-5- 
propylbenzoic acid mediyl ester. ESMS: m/z 351.1 [M + Na]. 

[00403] Step 8: To a stirred solution of 3-ethoxydiiocarbonylthio-4-methoxy-5- 
propylbenzoic acid methyl ester (720 mg, 2.20 mmol) in THF (13 mL) at room temperature was 
added MeONa (0.5 M in MeOH, 13 mL, 6.5 mmol, 3 eq.). The reaction mixture was refluxed for 
75 min, then cooled to room temperature and added to 1 N HCl aqueous solution (1 00 mL), The 
resulting mixture was extracted with EtOAc/hexanes (1:1, 100 mL). The organic layer was 
washed with brine (50 mL), dried over MgS04 and concentrated in vacuo to give 3-meicapto-4- 
metfaoxy-5-propylbeDzoic acid methyl ester (0.55 g). The product was used without further 
puiificalion. 

[00404] Step 9: To a stirred solution of 3-mercapb-4-methoxy-5-prDpylben2oic acid 
metihyl ester (550 mg, 2.3 mmol) in DMF (15 mL) at 0 ""C was added NaH (60% dispersion m 
mineral oil, 1 10 mg, 2.75 mmol, 1.2 eq.) in small portions. After stirring for 10 min at 0 "^C, then 
for a further 3 5 min at room temperature, tiie reaction vessel was evacuated (60 sec, needle to 
pump) then HieVacuum was broken with trifluorometfayl iodide ^ (balloon). The reaction 
mixture was stirred for 5 min at room temperature, then heated to 70 *C • After 65 min at 70 **C 
the reaction was cooled to room temperature, diluted with EtOAc/hexanes ( 1 00 mL), washed with 
1.0 N HCl aqueous solution (100 mL), brine (50 mL), dried over MgS04 and concentrated 
in vacuo. The residue was purified by flash column chn}matogFq>hy on silica gel using 20% 
EtOAc in hexanes as an eluent to fumish 4-metiioxy-3-prx>pyl-5-trifluoromethyltfaiobenzoic acid 
methyl dster (60 mg). 

[00405] Step 10: 4-Methoxy-3-propyl-5-trifluoromefliylthiobenzoic acid was prq)ared fiom 
4-methoxy-3-propyl-5-trifluoromethylthiobenzoic acid methyl ester in quantitative yield by 
foUowiiig Method Band the product was used without further purificatioiL ESMS:«/^ 2932 [M 
-H]. 

[00406] Step 11: l-(4-Methoxy-3-propyl-5-tri£luoromethylthiobenzoyl)azetidine- 
2R-carboxylic acid methyl ester was prepared by reacting azetidine-2R-carboxylic acid methyl 
ester hydrochloride salt with 4-methoxy-3-propyl-5-trifluoromethyIthiobenzoic add following 
Method A and the product was used without further purification. ESMS: m/z 392.3 [M + HJ. 

[00407] Step 12: l-<4-Metfioxy-3-propyl-5-trifluorome%lthiobCTZoyl)azetidine- 
2R-carboxylic acid hydroxyamide was prepared fiom l-(4-methoxy<-3-propyl-5- 
tcifluoromethyWiioben25oyl)azetidine-2R-carboxylic acid metiiyl ester by following Mefliod B in 5 
h. ESMS: m/z 415.2 [M + Na]. NMR (300 MHz, CEbOD): 7.83 (bs, IH), 7.72 (bs, IH), 4.83 
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(m, IH), 4.45 (m, IH), 4.20 (m, IH), 3.86 (s, 3H), 2.69 (t, 7.8 Hz, 2H), 2.60 (m, IH), 2.37 (m, 
IH), 1.66 (m, 2H), 0.96 (t, 7.2 Hz, 3H). 

Example SO 

Preparation of l-[3-(l-fluoropropylH>5-dimethoxyben2oyl)azetidin^^ acid 

bydroxyamide 




[00408] Step 1 : To a stirred solution of 5-*bromo-2,3<limetho>cybenzaldehyde (Example 32, 
Step 1, 1.50 g, 5.30 mmol) in Et20 (20 mL) at -78 was added EtMgBr (9.10 mL, 7.30 mmol, 
1.5 eq.) and &e reaction was allowed to warm to room temperature and stirred for 5 h. The 
reaction was quenched with satumted aqueous NH4CI, extracted with Et20, dried over Na2S04, 
and concentrated in vacuo to g^ve the crude product (96%). Hie product was used without further 
purification. 

[00409] Stq> 2: To a stirred solution of l-(S-bromo-2,3-dimetfaoxyphenyl)propan-l-ol (400 
mg, 1 .45 mmol) m DCM (10 mL) at -78 ""C was added DAST (0.58 mL, 4.36 mmol) and stirred 
the reaction for 10 min at -78°(}»flienwaimedtoO°Cfor2h. The reaction was quenched wifli 
water and saturated aqueous NH4CI (100 mL), extracted with BtOAc, dried over NasS04 and 
concentrated m vacuo. The crude product was purified by flash column chromatography on silica 
gel usmg 30% EtOAc in h^canes as an eluent to furnish 5-bromo-Hl-fluoropEOpyl>2,3- 
dimethoxyb^izene (80%). 

[00410] Step 3: 3-(l-Fluoropropyl)-4,5-dmiethoxybenzoic acid was prepared fiom 5- 
bromo-l-(l-fluoropropyl>-2,3-dimethoxybenzrae by following Method M in 1 h and &e crude 
product was used without furflier purification. 

[00411] Step 4: l-[3-(l-Fluoropropyl)-4^-dimethoxybenzoyl]azetidine-2R-carboxylic acid 
methyl ester was prepared by coupling azetidine-2R*^boxylic acid methyl ester hydrochloride 
with 3-(l-fluoropropyl)-4,5-dimethoxybenzoic acid by following Method A ovemis^t and the 
crude product was used without fiirtiier purificatioiL 

[00412] Step S: 1 -[3-(l -Fluoroinx>pyl)-4,5-dimethoxybenzoyl]azetidine^2R-carboxylic acid 
hydioxyamide was prepared from l-[3-(l-fluoropropyl>4,S-dimethoxybenzoyl]azetidine- 
2R-carboxylic acid methyl ester by following Method B in 1 h. ESMS: m/z 341.5 [M + iq. *H 
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NMR (300 MHz, CDCI3): 7.31 (s, 2H), 5.58-5.76 (m, IH), 4.82 (m, IH), 4.48 (m, IH), 4. 20 (m, 
IH), 3.90 (s, 3H), 3.87 (s, 3H), 2.61 (m, IH). 2.37 (m, IH), 1.94^1.80 (m, 2H), 0.97 (t, 6.3 Hz, 
3H). 

Example 51 

Preparation of H4-methyIthio-3-trifluoromethoxybenzoyl)a2etidme-2R-^^ acid 

hydroxyamide 




[00413] Step 1 : 4-Bromo-l-methyl11]io-2-trifluoiome1hoxybei]zene was prepared from 4- 
bromo-2-trifluoroine1hoxybenzenethiol and methyl iodide by following Method C. The reaction 
was conducted at room temperatuTB overnight. The crude residue was chromatographed in 20% 
EtOAc/Hexanes to afiford 4-bromo-l-methylthio-2-trifluoromethoxybenzene (85% yield). 

[00414] Step 2: 4-Methylthio-3-trifluoromethoxybenzoic acid was prepared ftom 4-bromo- 
l-methylthio-2-trifluoromethoxyben2:ene by foDowing Method M in 4 h. The product was used 
without furdier purification. 

[00415] Step 3: l-[4-MethyItMo-3-trifluorometfaoxybenzoyl)azetidine-2RH»ri)ox^ acid 
methyl ^ter was prepared by coiq>ling azetidine-2R-carboxylic acid methyl ester hydrochloride 
with 4-methylt]iio-3-trifluorometfaoxybenzoic acid by following MeOiod A overnight and the 
orude product was used without further purification. 

[00416] Step 4: l-[4-Methylthio-3-trifluoromethoxybenzoyl)a2setidine-2R-catboxylic acid 
hydroxyamide was prepared from l-[4-metfaylthio-3-trifluQromethoxybenzoyl) azetidine- 
2R-carboxylic add methyl ester by foUowmgMetiiod Bin 2 h. ESMS:m/2 3S1.4[M+ir|. ^H 
NMR (300 MHz. CDCI3): 7.56 (d, 8.1 Hz, IH), 7.49 (s, IH), 731 (d, 8.1 Hz, IH), 4.72 (m, IH), 
4.37 (m, IH), 4. 14 (m, IH), 2.48 (m, IH), 2.41 (s, 3H), 2.27 (m, IH). 

Example 52 

Pr^axBtion of l-[3-(2,2,2-trifluoroethylfhio)benzoyl]azetidine-2R-carbo?7lic acid hydroxyamide 




[00417] Step 1 : 3-(2;Z>Trifluoroethylthio)benzoic acid methyl ester was prepared 3- 
mercaptobenzoic acid methyl ester and trifluoroethyl iodide by following Method C. The reaction 
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was conducted at room temperature overnight The crude residue was chiomatographed in 10- 
20% EtOAc/hexanes to afford 3-(2^;2-trifluoroethyltbio)benzoic acid methyl ester (82% yield). 

[00418] Step 2: 3-(2^,2-Trifluoroethylthio)benzoic acid was prepared from 3-(2^,2- 
trifluoroe1hyi1faio)benzoic acid methyl ester by following Method £. The reaction as conducted at 
room temperature ov^ght The product was used without further purificatioa 

[00419] Step 3: l-[3-(2^^-Trifluoroetfaylthio)benzoyl]azetidine-2R'K:arbox^^ add methyl 
ester was prepared by coupling azsetidine-ZR-carboxylic acid methyl ester hydrochloride with 3* 
(2,2,2-tiifluoroe&ylthio)benzoic acid by following Mettiod A and the crude product was used 
without further purification. 

[00420] Step 4: 1 -[3-(2,2;2-Trifluoroethylthio)ben2oyl]azetidine-2R-carboxylic add 
hydit>xyamide was prepared from l-[3-(2^^-trifluoroethylthio)benzoyl]a2etidine-2R-carboxyIic 
add methyl ester by foUowing Method B in 2 h. ESMS: m/z 335.1 [M + H]. NMR (300 MHz; 
CDCI3); 7.69 (s, IH), 7.53 (d, 7.2 Hz, IH), 7,47 (d, 7.8 Hz, IH), 7.33 (t, 7.8 Hz, IH), 4.65 (m, 
IH), 4.32 (m, IH), 4.1 1 (m, IH), 3.68-3.58 (m, 2H), 2.47 (m, IH), 2.26 (m, IH). 

Example 53 

Preparation of l-(3-pentafluoroethyltfaiobenzoyl)azetidiiie-2R-carb6xylic add hydroxyamide 




[00421] Step 1 : S-PentafluoroeQiylthiobeDzoic acid methyl ester was prepared fixmi 3- 
mercaptobmzoic add methyl ester and pentafluoroetfayl iodide by following Mediod I in 5 h at 
room t^nperature and the crude product was used without further purificatiort 

[00422] Step 2: 3-Pentafluoroefhylthiobenzoic add was prepared from 3- 
pentafluoroethylthiobenzoic acid methyl ester by following Method E in 2 h. The product was 
used without further purification. 

[00423] Step 3: l-(3-Pentafluoroethyltibiobenzoyl]azetidine-2R'K:arboxylic acid methyl 
ester was prepared by coupling azetidine-2R-carboxylic add methyl ester hydrochloride witti 3- 
pentafluoroethylthiobenzoic add by following Method A overnight and the cmde product was 
used without further purification. 

[00424] Step 4: l-(3-Pentafluoroethylthiobenzoyl]azetidine-2R-carboxylic add 
hydroxyamide was prepared from l-(3-pentafluoroethylthiobenzoyl]azetidine-2R-caiboxylic acid 
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methyl ester by following Method Bin 2 h. ESMS: /n/z 371.1 [M + H]. 'HNMR(300MHz, 
CDCI3): 7.90 (s, IH), 7.84-7.72 (m, 2H), 7.47 (m, IH), 4.74 (m, IH), 4.33 (m, IH), 4.11 (m, IH), 
2.49 (m,lH), 2.27 (m^lH). 

Example 54 

. Pxeparation of 1 -(3,5-<UaUyl-4-me1hoxybenzoyl)azetidin&-2R-carboxylic add hydioxyamide 




100425] Step 1 : 4-Allyloxy-3-allylbenzoic acid methyl ester was prepared by reacting 3- 
aIlyl-4-hydroxybenzoic acid methyl ester (Example 49, Step 2) with allyl brondde following 
Method C in 93% yield. The reaction was conducted at room temperature for 16 h and the 
resulting product was used wifliout further purification. 

[00426] Step 2: 3^-Diallyl-4-hydroxybenzoic acid methyl ester was prepared fiDom 4* 
allyloxy-3-allylbenzoic acid methyl ester following Method D in 90% yield The reaction was 
conducted neat at 200 for 2 days. The resulting product was passed through a pad of silica get 
and eluted with 20% hexanes m EtOAc. 

[00427] Step 3: 3,S-DiallyI-4-medioxybenzoic acid methyl ester was prepared fiom 3,5- 
diallyl-4-hydroxyb^)zoic acid methyl ester and mefliyl iodide following Mediod C. The resulting 
product was used without further purification. 

[00428] Step 4: SjS-DiallyM-methoxybenzoic acid was prepared 3,5-diallyl-4- 
methoxybenzoic acid methyl ester following Method E. The resulting product was used without 
further purification. 

[00429] Step 5: l-(3,S-Diallyl-4-metfaoxyben2oyl)azetidine-2R-carboxylic acid methyl 
ester was prepared by coupUng azetidine-2R-carboxylic acid methyl ester hydrochloride witii 3,5- 
diallyl-4-methoxybenzoic acid by following Mediod A in 6 h and the crude product was used 
without further purification. 

[00430] Step 6: 1 -(3,S-Diallyl-4-medioxybenzoyl)az6tidine-2R-carboxylic acid 
hydroxyamide was prepared firom I*(3,5KliaUyl-4-methoxybenzoyl)azetidine-2R*<^boxylic acid 
methyl ester by foUowingMefliod Bin 2 h. ESMSriw/^ 331.2 [M + H]. 'HNMR(300MH2, 
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CDCI3): 7.32 (s, 2H), 5.9S-5.81 (m, 2H), 5.0(M.95 (m, 4H), 4.71 (m, IH), 4.32 (m, IH), 4.08 (m, 
IH), 3-64 (s, 3H), 3.35 (d, 4H), 2.48 (m, IH), 225 (m, IH). 

Example 55 

Preparation of l-<4-meaoxy-3,5siipropyIbenzoyl)a2etidine-2R-carboxyH^ acid hydroxyamide 




[00431] Step 1 : l-(4-Melhoxy-3,5-dipropylbeiizoyl)a2etidiiie-2R-^^ add mefliyl 
ester was prepared from H3,5HliaUyM-methoxybenzoyl)azetidine-2R-carboxyU^ acid meth^ 
ester (Example 54, Step 5) by following Me&od H in 5 h. The crude product was used without 
further purification. 

[00432] Step 2: l-(4-Methoxy-3,5-dipropylbenzoyl)azetidine-2R-carboxylicacid 
hydroxyamide was prepared 60m l-(4-methoxy-3,5-dipropylbenzoyl)azetidine-2R-carboxylic 
acid methyl ester by foUowing Method Bin 2 h. ESMS: m/z 335.2 [M + H]. NMR (300 MHz, 
CDCI3): 729 (s, 2H), 4.72 (m, IH), 4.36 (in, IH), 4.09 (m, IH), 3.64 (s, 3H), 2.54 (m, 4H), 2.51 
(m, IH), 2.27 (m, IH), L54 (m, 4H), 0.87 (m, 6H). 

Example 56 

Preparation of l-[3,4-dimethoxy-5K2,2,2-trifluoroethoxy)ben2oyl]azetidine-2R-^^ acid 

hydroxyamide 




[00433] Step 1 : 3,4-Dimeaioxy-5-(2,2>trifluoroethoxy)benzoic acid methyl ester was 
prepared 3-hydrx>xy-4,5-dimetfaoxybenzoic acid methyl ester and methyl iodide by following 
Me&odC. The reaction was coiiducted at room temperature overnight The product was used 
without further purification. 
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[00434] Step 2: 3,4-Diinethoxy-5-<2^^-trifluoroethoxy)benzoic acid was prepared from 
3,4-dimethoxy-5-(2,2,2-trifluoroethoxy)benzoic acid methyl ester by following Method E 
ovemigbt at room temperature. The product was used without further purificatioiL 

[00435] Step 3: l>[3,4-Dimetfaoxy-S-(2»2^-tri£luoroethoxybeDZoyl)]azetidme- 
2R-carboxylic add methyl ester was prepared by coupling azetidine-2R-carboxylic add methyl 
ester hydrochloride with 3»4-dimethoxy-S-(2,2,2-trifluoioethoxy)b^3Zoic add by following 
Method A in 4 h and die crude product was used without further purification. 

[00436] Step 4: l-[3,4-Dimethoxy-5-<2^^.trifluoioethoxybenzoyl)]a2etidine- 
2R-carboxylic add hydroxyamide was prepared from l-[3,4-dimethoxy-5-(2,2;2- 
trifluoroethoxybenzoyl)] azetidine-2R-<:arboxylic add methyl ester by following Method B in 2 h. 
ESMS: m/z 3192 [M + HJ. NMR (300 MHz, CDCI3): 7.00 (s, IH), 6.93 (s, IH), 4.72 (m, IH), 
4.51-4.46 (m, 2H), 4.39 (m, IH), 4.12 (m, IH), 3.78 (s, 3H), 3.73 (s, 3H), 2.49 (m, IH), 2.27 (m, 
IH). 

Exan^leS? 

Preparation of l-(4-methoxy-3-propylbenzoyl)axetidine-2R-carboxylic acid hydroxyamide 

[00437] Step 1 : 4-Methoxy-5-propyIbenzoic add was prepared finom 4Hneflioxy-5- 
propylbenzoic add mediyl ester (Example 49, Step 4) following Method E in quantitative yield. 
The product was used witiiout further purification. 

[00438] Step 2: l-(4-Methoxy-5-propylbenzoyl)azetidine-2R-carboxylic acid methyl ester 
was prepared by reacting azetidine-2R-carboxylic acid methyl ester hydrochloride salt with 4- 
ineflioxy-S-propylbenzoic acid accordmg to Method A and the product was used without further 
purification. 

[00439] Step 3: 1-(4-Methoxy-5-prapylbenzoyl)azetidine-2R-carboxylic add 
hydroxyamide was prepared tcom l-(4-methoxy-S-propylb»(izoyl)azetidine-2R-carbGxyIic add 
methyl ester following Method B. ESMS: m/z 293.2 [M + H]. NMR (300 MHz, CP3OD): 
7.53 (bd, J« 7.5 Hz, IH), 7.47 (bs, IH), 6.96 (d, J» 8.1 Hz, IH), 4.79 (m, IH), 4.47 (m, IH), 
4.20 (m, IH), 3.84 (s, 3H), 2 J7 (m, 3H), 2.35 (m, IH), 1 .57 (m, 2H), 0.91 (t, J= 7.2 Hz, 3H). 

Exanq>Ie 58 
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Prepaiation of l-(3,4-dimethoxy-5-trifluoromethylthiobenz»yl)azetictine-2R^ acid 



hydroxyamide 




[00440] Step 1 : To a sdired suspension of 60% sodium hydride in mineral oil (0.93 mg, 
23.5 mmol) in DMF (27 mL) at room temperature imd^ nitrogen atmosphere was added dropmse 
a solution of 3,4-dimefhoxy-S-hydroxybenzoic acid methyl ester (5.0 g, 23.5 mmol) in DMF 
(6 mL), followed by the dropwise addition of a solution of dimethylthiocarbamoyl chloride (2.9 g, 
23.5 mmol) in DMF (4 mL). The reaction miscture was sttried at room temperature under nitrogen 
for 44 h, then diluted with ether (600 mL), filtered through a pad of celite and the filtrate was 
washed ^fh water (3 x 200 mL). The organic layer was dried (Na2S04), filtered and evaporated * 
in vacuo to give 3-dimeifaylthiocarbomyIoxy-495-dimefhoxybenzoic acid methyl ester (4.07 g). 

[00441] Step 2: A stirred solution of 3-dimethylthiocarbomyloxy-4,5-dimethoxybenzoic 
acid methyl ester (2.0 g, 6.69 mmol) in phenyl ether (10 mL) was heated to reflux for 48 h. The 
reaction mixture was cooled to room temperature, mixed with silica gel and transfened to a silica 
gel column column and eluted with 0 to 50% EtOAc in hexane to yielded 3- 
dimefhylcarbamoylthio-4,5'dimethoxybenzoic acid methyl ester (1.04 g). 

[00442] Step 3: To a stirred solution 3-dhnethylcarbamoyltfaio-4,5-d]medioxybenzoic acid 
methyl ester (800 mg, 2.67 mmol) in THF ^1 mL) was added MeONa (0.5 M in MeOH, 21 mL) 
at room tenq)erature and the reaction was heated to reflux. After reflmdx^ for 3 h, the reaction 
mixture was cooled to room temperature, poured into 1 N HCl aqueous solution (150 mL) and 
extracted with mixture of EtOAc:hexane (1 :1, 150 mL). The organic layer was washed with brine 
(100 mL), dried over MgS04 and concentrated in vacuo to give 3-merc^to-4,5-dimethoxybenzoic 
add methyl ester (0.581 g). 

[00443] Step 4: To a solution of 3-mercapto-4,5-dimethoxybenzoic acid metibyl ester (500 
mg, 2.19 mmol) in DMF (15 mL) at 0 °C was added NaH (60% in mineral oil, 101 mg, 
2.63 mmol) in small portions and the reaction mixture was slowly warmed to room temperaure 
while stirring for 30 minutes. The reaction flask was charged with trifluromethyl iodide gas in a 
balloon and the reaction mixture was continued stirring at room temperature for 4 h. The reaction 
mixture was poured into 1 N HCl aqueous solution (100 mL) and extracted with ether (100 mL). 
The organic layer was washed with brine (80 mL), dried over MgS04 and concentrated in vacuo. 
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The cesidue was piurified by flash cohimn chromatography (gradient from 20 to 40% EtOAc in 
pentane) to get 3,4-dimefhoxy-S-trifluoromethylthiobeDZoic acid mefliyl ester (029S g). 

[00444] Step 5: 3,4-Dimethoxy-5-trifluoroinethyltbioben2oic add was prepared fiom 3,4- 
dimettoxy-5-trifluoiometiliyWriobenzoic acid methyl ester according to Method E in 53% yield. 

{00445] Step 6: l-<3,4-Dimethoxy-5-trifluoromethylthioben2oyl)azetidine-2R<arbox^^ 
acid methyl ester was prepared by coupling azetidine-2R-carboxylic acid methyl ester 
hydrochloride salt with 3,4-Dimethoxy-5-trifluoromethylthiobenzoic acid following Method A 
and used the product without further purification. ESMS: m/z 380.2 ^ + H]. 

[00446] Step 7: l-(3,4-Dunetho?9-S"trifluoromethylthiobenzoyl)a2etidiDe-2R-^ 
acid hydroxyamide was prepared frcmi l-(3»4-Dimethoxy-5-t[ifluoiomethylflHobenzoyl)azetidine- 
2R-caiboxyUc add methyl ester following Mefliod B. MS (ESNEG): 379.0 [M - H]. NMR 
(300 MHz. CD3OD): 7.56 (s, IH), 7.51 (s, IH), 4.84 (m. IH), 4.49 (m. IH), 4.23 (m, s, IH), 3.94 
(s, 3H), 3.92 (s, 3H), 2.60 (m, IH), 2.38 (m, IH). 

Example 59 

Preparation of l-(3-1rifiuoromethoxy-4-vinylbenzoyl)aze1idine-2R-carboxylic acid hydroxyamide 




[00447] Step 1: 4-Bromo-3-trifluorome1faoxyphenol was prepared fit>m 2- 
trifluoromefhoxyphenol according to literature procedure (T. Kline, et al. J. Med. Chem. 2002, 
^5,3112-3129). 

[00448] Step 2. 4-Benzyloxy- 1 -bromo-2-trifluoromethoxybenzene was prepared 4-bromo- 
2-'trifluoromelhoxyphenol in 90% yield by following Method C. The reaction was conducted at 
room temperature for 4 h using b^izyl bromide as an alkylating agent The resulting product was 
purified by silica gel dhromatography by eluting with 0.5% EtOAc in hexanes. 

[00449] Step 3; 4-Benzyloxy-3-trifluoromethoxyben2oic acid was prepared from 4- 
ben2yloxy-l-bromo-3-trifluoromethoxybenzene by following Method M. The crude product was 
purified by crystallization usmg a mixture of EtOAc and hexanes as a solvent (19% yield of 
desired product firom the first ax>p). 

[00450] Step 4: l-(4-B^)^lo3gr-3-trifluoromed)oxybenzoyl)azetidme-2R-^boxyUcad 
methyl ester was prepared by couplmg azetidine-2R*<:arboxylic add methyl ester hydrochloride 
salt with 4-benzyloxy-3-ttifhioromedioxybenzoic add by following Method A in 81% yield. The 
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crude pioduct was pimfied by silica gel column chromatogi^hy using 1 :1 mixtuie of iEK>Ac and 
h^canes. ESMS: m/z 410.2 [M + H]. 

[00451] Step 5: l-<4-Hydi0xy-3-tnfborQmethoxybeDZoyl)azetidine-2R-<:^ acid 
methyl ester was prepared from l-(4-beiu9loxy-3-trifluorometfaoxybenzoyl)azetidine- 
2R-carboxylic acid methyl ester by following Method H in 94% yield. The reaction was 
conducted at room temperature for 8 h using a balloon of hydrogen. ESMS: m/z 320.2 [M + H). 

[00452] Step 6: l<4-Trifluoromethanesulfonyloxy-3-trifluoromethoxybenzoyl)azetidine- 
2R-carboxylic add methyl ester was prepared from l-(4-hydroxy-3- 
trifluoromethoxybenzoyl)azetidine-2R-carboxylic acid methyl ester according to Method N in 
89% yield. The reaction was.conducted at -78 for 30 min and the cmde product was purified 
via flash column chromatogr^hy on silica gel (60% EtOAc/hexanes as an eluent) to obtain the 
desired product ESMS: m/z 452,1 [M + H). 

[00453] Step 7: l-(3-Txifluoromethoxy«4-vinylbenzoyl)azetidine-2R-carboxylic acid 
methyl ester was prepared from l-(4-trifluorometfaanesu]fonylo37-3- 

tnfluoromethoxybenzoyl)a2eticUne-2R-carboxylic acid methyl ester following Method O in 75%. 
yield after puri^dng the crude product by silica gel column chromatogmphy using 1 : 1 mixture of 
EtOAc and hexanes as an eluent ESMS: m/z 3S2.2 [M + Na]. 

[00454] Step 8: l-(3-Tiifluoromethoxy-4-vinylbeDZoyl)azetidine*2RK:arbox^^ add 
hydroxyamide was prepared from l-(3-trifluoromethoxy-4-vinylbeDzoyl)azetidine-2R-carboxyl^^ 
acid methjd ester in 2 h by following method Method B. ESMS: m/z 329.2 [M - H]. NMR 
(300 MHz, CDCU): 7.40-7.64 (m, 3H), 6.92 (m, IH), 5.83 (m, 1H>, 5.44 (m, IH), 4.98 (m, IH), 
4.39 (m, IH), 4.16 (m, IH), 2,74 (m, IH), 2.50 (m, IH). 

Example 60 

Preparation of 1^^4-ethyl-3-1xifhioromethoxybenzoyl)azetidine-2R-carboxyIic add hydroxyamide 




[00455] Step 1 : 1 -(4-Ethyl-3-trifluorDmethoxybenzoyl)a2etidine-2R-carboxylic acid methyl 
ester was prepared from l-(3-trifluoromethoxy-4-vinylben2oyl)azetidine-2R-carboxylic acid 
methyl ester (Product from Example 59 Step 7) by following Method H m 95% yield ESMS: m/z 
332.2 [M + H] 
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[00456] Step 2: l-(4-E%l-3-trifluoromethoxybenzoyl)azetidine-2R-<:aA acid 
hydroxyamide was prepared &om l-(4-ethyl-3-triflucnx)meAoxybenzoyl)azetidine-2R-carbo3^^^ 
acid methyl ester by foUowing Method B. ESMS: /n/z 33 1 .0 [M - H]. 'H NMR (300 MHz, 
CDCI3): 7,46 (m, 2H), 73 1 (m, IH), 4.99 (m, IH), 4.39 (m, IH), 4.18 (m, IH), 2.49-2.78 (m, 
4H),1.20(t,J=7.7Hz,3H). 

Example 61 

Preparation of l-(4-ben2yloxy-3-tri£luoromethyltiuobenzoyl)azetidine-2RKar acid 



hydroxyamide 




[00457] Step 1 : To a stirred sujspen^on of NaH (29 g, 0.73 mol, 2.0 eq., 60% in mineral 
oil) in DMF (600 mL) at 0 X was added 2-mercaptophenol (46 g, 365 mmol, 1 .0 eq.) dropwise. 
The resulting mixture was stirred at room temperature for 30 min and then charged with 
trifluoiumefhyl iodide (balloon). The reaction mixture was stirred at room temperature for 30 min, ' 
70 for 2h and cooled to room temperature. The reaction mixture was diluted with water 
(1000 mL) and extracted with EtOAc (3 x 350 mL). The combined organic layer was washed with 
brine (800 mLX dried (Na2S04), and concentrated m vacuo. Hie crude product was purified by 
column chromatogr^fay using 0-30% EtOAc in hexanes as an eluent to afford 16.3 g 
(approximately 50% purity). This was used without further purification. 

[00458] Step 2: To a stirred solution of l-hydroxy-2-trifluoromethylthiobenzene (16 mmol, 
1.0 eq.) in CH2CI2 (40 mL) at -78 X was added a solution of Br2 (0.83 mL, 16 mmol, 1.0 eq.) in 
CH2CI2 (1 8 mL) slowly. The resulting mixture was stirred at -78 ''C for 2 h and then warmed to 
room temperature overnight The reaction mixture was diluted with water (300 mL) and extracted 
with CH2CI2 (3x150 mL). The combined organic layer was washed with brine (400 mL), dried 
(Na2S04) and concentrated in yacuo. The crade product was piirified by colunm chromatography 
using 0-10% EtOAc m hexanes as an eluent to afford 4-bromo-l-hydroxy-2- 
trifluoromethyithiobenzene in 93% yield as a crystalline solid. 

[00459] Step 3: l-Benzyloxy-4-bromo-2-trifluoromethylthioben2ene was prepared fiwm 4- 
bromo-l-hydroxy-2-trifluQromethylthiobenzene following Method C. The reaction was 
conducted at SO ^Cfor 1 busing benzyl bronnde as an alkylating agent and &e resulting produ^ 
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was purified by column chiomatography using hexanes as an eluent to afford l-benzylbxy-4- 
biomo-2*trifIuoiometlLylthiobenzene in 63% yield. 

[00460] Step 4: To a mixture of l.benzyloxy-4-bromo-2-trifluoromethylthiobenzene (5 g, 
13.8 mmol, 1 eq.), KOAc (5.4 g, 55 mmol, 4.0 eq.). Pd(0Ac)2 (160 mg, 0.71 mmol, 0.05 eq.) and 
dppf (1 J3 g, 2.77 mmol, 0.2 eq.) was added anhydrous DMSO (80 mL). The resultmg mixture 
was stirred at 60 ""C under CO balloon for 20 h» then cooled to room temperature, diluted with 1 .0 
M HCl (400 mL), and extracted with EtOAc (3 x 150 mL). The combined organic layer was 
washed with brine (400 mL), dried (Na2S04), and concentrated in vacuo. The crude product was 
purified by column chromatography using 0-40% EtOAc in hexanes as an eluent to afford 4- 
benzyloxy-3-trifluoromethylthiobenzoic acid (2.1 g, 47% yield). 

[00461] Step 5: H4-Benzyloxy-3-trifluoromethyltMobenzoyl)azetidine-2R-<arbo)g^li^ 
acid methyl ester was prepared by coupling azetidine-2R-carboxylic acid methyl ester 
hydrochloride salt with 4-benzyloxy-3-trifluoix)methylthioben20ic acid by following Method A in 
75% yield. The crude product was purified by silica gel column chromatogr^hy using 2:3 
mixture of EtOAc and hexanes. ESMS: m/z 426.1 (M + H]. 

100462] Step 6: l<4-Benzyl6xy-3-trifluoromefhyltfaiobenzoyI)azetidme-2R-^^ acid 
hydroxyamide was prepared firom l-(4-ben2yloxy-3-trifluoromethylthiobenzoyl)-azetidine- 
2R-carboxylic acid methyl ester by followmg Method B. ESMS: m/z 425.2 [M - H]. *H NMR 
(300 MHz, CDCfe): 7.90 (bs, IH), 7.73 (d, /= 8^4 Hz, IH), 7.31«7.41 (m, 5H), 6.99 (d, J= 8.79 
Hz, IH), 5.19 (s, 2H), 4.98 (m, IH), 4.40 (m, IH), 4.19 (m, IH), 2.78 (m, IH), 2.49 (m, IH). 

Example 62 

Preparation of l--(3*trifluoromethylthio-4-vinylbenzoyl)azetidine-2R-<:arboxylic acid 

hydroxyamide 




[00463] Step 1 : 1 <4-Hydroxy-3-trifluoromefhyItfaiobenzoyl)azetidine-2R-carboxylic add 
methyl ester was prepared fi^m l-(4-benzyloxy-3-trifluoromethylthiobenzoyl)azetidine> 
2R-carboxylic acid mefiiyl est^ (Product fiom Step 5 of Example 61) by following Method H in 
88% yield. The reaction was conducted at room temperature for 4 h using a balloon of hydrogerL 

[00464] Step 2: 1 -(4-Trifluoromethanesulfonyloxy-3-trifluorometfayltfaiobenzoyl)azetidine^ 
2RK;arboxylic add me^yi ester was prepared firom I-(4-hydroxy-3- 
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trifluoromethylthiobenzoyl)az)etidine-2R-carboxyIi^ acid methyl ester accot^gtoM^SoSfim 
66% yield. The reaction vm conducted at -20 for 45 min and the crude product vras purified 
via flash cohnxm dm>matogrq)hy on silica gel (60% EtOAc/hexanes as an eluent) to obtain Ihe 
desired product 

[00465] Step 3: l-(3-Tiifluoroinethylthio-4-vmylben2»yl)azetidme-2R-carbox^^ acid 
mediyl ester was prepared firom l-(4-trifIuoromethanesulfonyloxy-3- 
tiifluoromethyltUobenzoyl)azetidine-2R-carboxylic add methyl ester following Method O in 
61% yield after purifying the crude product via flash column cbtomatography on silica gel (60% 
EtOAc/hexanes as an eluent). ESMS: m/z 346.0 [M + HJ. 

[00466] Step 4: l-(3-Ttifluoromethylthio-4-vinylbenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared fix>m l-(3-trifluoromethylthhio-4-vinylbenzoyl)azetidine- 
2R-carboxylic acid methyl ester in 3.5 h by following method Method B. ESMS: m/z 345.1 [M - 
H]. NMR (300 MHz, CD3OD): 8.04 (s, IH), 7.92-7.81 (m, 2H), 7.38 (dd, J= 1 1.1, 17.1 Hz, 
IH), 5.96 (d, 7- 17.7 Hz, IH), 5.55 (d, J= 11.4 Hz, IH), 4.82 (dd, J= 6.0, 10.8 Hz, IH), 4.47 
(dd, J« 8.4, 14.4 Hz, IH), 4.23 (dd, /= 8.4, 14.4 Hz, IH), 2.68-2.53 (m, IH), 2.44-2.32 (m, IH). 

Example 63 

Preparation of l-.(4-ethyl-3-trifluoromethylthiobenzoyl)azetidine-2R-caiboxyUc acid 

hydroxyamide 




[00467] Step 1 : 1 -(4-Ethyl-3-trifluoromethylthiobenzoyl)azetidme-2R-carboxylic acid 
methyl ester was prepared firam 1^3-trifluoromethylthio-4-vinylbenzoyl)azetidine-2R-carboxylic 
acid methyl ester (Product firom Step 3 of Example 62) by following Method H in quantitative 
yield. Hie reaction was conducted at room temperature for 2 h using a balloon of hydrogen. The 
resulting product was used without further purification. ESMS: nt/z 348. 1 [M + HJ. 

[00468] Step 2: 1 -(4-Ethyl-3-trifluon)methylthiobenzoyl)azetidine-2R-carboxylic acid 
hydroxj^mide was prepared fix)m l-(4-ethyl-3-trifluoromethylthiobenzoyl)azetidine- 
2R-carboxylic acid methyl ester by following Method B at room temperature for 5 h. ESMS: nt/z 
3472 [M -H]. *H NMR (300 MHz, CD3OD): 8.01 (s, IH), 7.80 (d, / = 6.6 Hz, IH), 7.54 (d, J= 
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7.8 Hz, IH), 4.82 (dd, J= 5.4, 8.4 Hz, IH), 4,46 (dd, 7= 8.4, 147 Hz, IH), 4.22 (dd, J= 9.0, 15.6 
Hz, IH), Z9i (q, 7.5 Hz, 2H), 2.66-2.53 (m, IH), 2.43-230 (m, IH), 1.23 (t, 7= 7.8 Hz, 3H). 

Example 64 

Preparation of l-(4-aUyl-3-trifluoromethylthiobenzoyl)azetidme-2R^^ acid 

hydioxyamide 




[00469] Step 1 : To a solution of l-(4-trifluon)methanesiilfonyloxy-3- 
trifluoiome%lfhiobenzoyl>^tidine-2R-^arboxy^ add methyl ester (150 mg, 0.32 mmol, 
1 eq.). The product fiom Step 2 of Example ^2) and allyltributyltin (0. 15 mL, 0.48 mmol, L5 eq.) 
in DMF (3.0 mL) was added Pd(PPh3)4 (19 mg, a.016 mmol, O.OS eq.) in DMF (3.0 mL) at 23 *C 
was added EtaN (0.16 mL, 1.17 mmol, 3 eq.). The resulting mixture was warmed to 125 *C under 
Nz atmosphere. After 2 h the reaction was cooled to 23 *C then diluted with EtzO (100 mL) and 
treated with 10% aqueous KF (100 mL). After stirring for 3 h at 23 *C the layers were separated . 
and the organic k^rer was washed with brine (50 mL), dried MgS04 and concentrated in vacuo. 
The crude product was purified via flash colunm chromatography on silica gel (50% 
EtOAc/hexanes as an eluent) to give l-(4-allyl-3-trifluoromethylthiob«izoyl)azetidme- 
2R-carboxylic acid methyl ester (61 mg, 0.17 mmol, 53%) as a yellow oiL ESMS: m/z 360.0 [M + 

m. 

[00470] Step 2: K4-AUyl-3-trifluorometfayltUobenzoyI)azetidine-2RH:arbo acid 
hydroxyamide was prepared fiom l-:(4-allyl-3-trifluoi0methyltfaiobenzoyl)azetidine- 
2R-carboxylic add methyl ester by following Mettiod B at room temperature for 4 h. ESMS: m/z 
361.0 (M + H|. *H NMR (300 MHz, CP3OD): 8.04 (s, IH), 7.81 (d, J= 6.6 Hz, IH), 7.52 (d, J= 
7.8 Hz, IH), 6.02-5.87 (m, IH), 5.10 (dd,/= L5, 102 Hz, IH), 5.00 (dd, J= 1.5, 17.1 Hz, IH), 
4.82 (dd, 7" 6.0, 10.8 Hz, IH), 4.46 (dd, J= 9.0, 14.7 Hz, IH), 422 (dd, 7= 8.4, 14.7 Hz, IH), 
3.73 (d, J= 10.2 Hz, 2H), 2.66-2.53 (m, IH), 2.43-2.30 (m, IH). 

Example 65 

Prqiaration of l-(4-propyl-3-trifluoromethyltUobeiizoyl)azetidine-2R-carboxylic acid 

hydroxyamide 
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[004711 Step 1 : l-(4.Pix)pyl.3-trifluoromefliylthiobenzoyl)a2etidme-2R-ca^^ acid 
methyl ester was prepared firom l-(4-aUyl-3-trifluoromethylthiobenzoyl)azetidine-2R-carto 
acid methyl ester (Product &om Step 1 of Example 64) by following Method H in quantitative 
yield. The reaction was conducted at room temperature for 2 h using a balloon of hydrogen. The 
product was used without further purification. ESMS: m/z 362,0 [M + H] 

[00472] Step 2: l-(4-Propyl-3-trifluoromethylthiobenzoyl)a2etidine-2R-carboxylic acid 
hydroxyamide was prepared from l-(4-propyl-3-trifluoromethylthiobenzoyl)a2etidine- 
2R-carbo}cyUc add methyl ester by following Method B at room temperature for 3.5 h. ESMS: 
m/z 361.0 [M - HJ. *HNMR (300 MHz, CD3OD): 8.02 (s, IH), 7.78 (d, /= 7.8 Hz, IH), 7.52 (d, 
7.8 Hz, IH), 4.82 (dd, 5.7, 9.3 Hz, IH). 4.46 (dd, J= 8.7, 14.7 Hz, IH), 422 (dd, 7= 9.3, 
15.3 Hz, IH), 2.93 (t, 7.5 Hz, 2H), 2.66-2.53 (m, IH), 2.43-2.30 (m, IH), 1.70-1.56 (m, 2H), 
0.98(1,/= 6.9 Hz, 3H). 

Example 66 

Preparation of l-(5,6-dimeihoxybiphenyl-3-carbonyl)azetidine-2R-carboxylic acid hydroxyamide 




[00473] Step 1 ; 5,6-Dimethoxybiphenyl-3-carboxylic acid was prepared by coi^ling 
phenylboroiuc acid with 34odO'4,SHlimedioxybenzoic acid accordiiig to P. The crude 

product was purified via flash column chromatography on silica gel (5% MeOH in CH2CI2 as an 
eluent) to give the desired add in 88% yield. ESMS: m/z 257.3 (M - HJ. 

[00474] Step 2: H5,6-Dimethoxybiphenyl-3-K)arbonyl)azetidine-2R-^bo^^ 
methyl ester was prepared by coi^ling azetidine-2R-carboxylic add methyl ester hydroddoride 
salt with 5,6-dimethoxybiphenyl-3-carboxylic acid by following Method A in 75% yield. The 
crude product was purified by sihca gel colxunn chromatography using 2:1 mixture of BtOAc and 
hexanes. ESMS: m/z 356.3 [M + Hj. 
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[00475] Step 3: l-(5,6-Dimethoxybiphenyl-3-carboaiyl)azetidme-2^ 
hydn>xyamide was prepared from l-(5,6-Dimetboxybiphettyl-3-carbonyl)aze1idme-2R'^arboxyUc 
arid methyl ester foUowing Method B in 16 h. ESMS: m/z 355.4 [M-H]. *H NMR (300 MHz, 
CDCI3): 7.39 (m, 5H), 7^4 (bs, IH), 7.14 (hs, IH), 4.99 (m, IH), 4.37 (m, IH), 4.28 (m, IH), 
351 (s. 3H), 3.67 (s, 3H), 2.79 (m, IH), 2.47 (m, IH). 

Example 67 

Preparation of l-[3-trifluoiome%Itbio-4-(trime1hyManylefh^^ 

2R-carboxylic acid hydioxyamide 




[00476] Step 1: l-[3-Trifluoromethylthio-4-(trimetliylsilanylethynyl)benzoyl]azetidine- 
2R-carboxylic acid methyl ester was prepared by coupling trimethylsilylacetylene with l-(4- 
trifluoromethanesuIfonyloKy-3-trifluoromethylthiobenzoyl)^ acid methyl 

ester (Product from Step 2 of Example 62) according to Method R. The crude product was 
purified via flash column chromatography on siUca gel (50% EtOAc/hexanes as an eluent) to give 
the desired product m 72% yield. ESMS: m/z 416.0 DM + H] 

[00477] Step 2: l-[3-Trifluoiometfaylthio-4<trimetfayIsilanylethynyl)ben^ 
2R-caiboxyIic acid hydroxyamide was prepared from l-[3-trifluoromettiylthio-4- 
(1iimediylsiIanylethynyl)benzoyl]-azetidine-2R-K»iboxylic add methyl ester following Method B 
in 4 h. ESMS: m/z 415.0 [M ^ H]. 'H NMR (300 MHz, CP3OD): 8.06 (s, IH), 7.81 (d, J= 8.1 Hz, 
IH), 7.69 (d, J=» 8.1 Hz, IH), 4.82 (dd, J- 6.0, 9.0 Hz, IH), 4.44 (dd, J= 8.7, 14.7 Hz, IH), 4.22 
(dd,J= 8.7, 15.0 Hz, IH), 2.66-2.53 (m, IH), 2.43-2.30 (m, IH), 0.25 (s, 9H). 

Example 68 

Ptepaiation of l-(4-ethynyl-3-trifluon>methylthiobenzoyl)azetidine-2R-carboxylic acid 

hydroxyamide 
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[004781 Step 1 : To a stined solution of l-[3-trifluoibmethylthio-4- 
(trimethylsilanylethyny])beDZoyl]-azetidme-2R<a]^ acid methyl ester (SO mg, 0.12 mmol, 
1 eq.) in MeOH C2.0 mL) at 23 'C was added K2CO3 (33 mg, 0.24 mmol, 2 eq.). After stirring for 
45 min at 23 *C the resulting solution was partitioned between 1 .0 N HCl (100 mL) and EtiO 
(100 mL). The layers were separated and the organic layer was washed with brine (50 mL), dried 
MgS04 and concentrated to give l'-(4-ethynyl*3-tri£luoromethylthiobenzoyl)azetidine* 
2R-caiboxylic add methyl estor (45 mg> 0. 12 mmol, quantitative yield) as a red oil. The pioduct 
was used without furOier purification. ESMS: m/z 344.1 [M + H]. 

[00479] Step 2: H4-Ethynyl-3-trifhi0romethylthiobenzoyl)a2»tidm^ add 
hydroxyamide was prepared fiom l-(4-ethynyl-3-trifluorQmetfayltbiobenzoyl)azetidine- 
2R-carbo:^lic add methyl ester by following Method B m 3.5 h. ESMS: m/z 343.0 [M - Hj. 
NMR (300 MHz, CD3OD): 8.07 (s, IH), 7.82 (d, J» 8.1 Hz, IH), 7.74 (dd. 7= 2.1, 8.4 Hz, IH), 
4.82 (dd, J= 5.7, 9.3 Hz, IH), 4.45 (dd, J= 8.7, 14.7 Hz, IH), 4.22 (dd, J= 9,0, 15.0 Hz, IH), 
4.12 (s, IH), 2.69-2.53 (m, IH), 2.43-2.30 (m, IH). 

Eicample 69 

Prepararion of l-(4-pentyl-3>trifhioromethylthiobeiizoyl]azetidine»2R-<:arboxylic add 

hydroxyamide 




[00480] Step 1: H4-Pent-l-ynyl-3-trifluoromethyItUobenzoyl)azetidine-2R-carboxy& 
add methyl ester was prepared by coupling l-pen1yne with H4-tri£luoromethanesulfonyloxy-3- 
trifluoromethyldiiobenzoyl)azetidine-2R-carboxylic acid methyl ester (Product 60m Step 2 of 
Example 62) according to Method R. The crude product was purified via flash column 
cfaromatogiaphy on silica gel (50% EtOAc/hexanes as an eluent) to give the desired pioduct in 
87% yield. 

[00481] Step 2: 1 -(4-Pentyl-3-trifluoromethylthiobenzoyl)a2etidine-2R-carboxylic acid 
methyl ester was prepared from l-(4-pent-l-ynyl-3-trifluoromethyItliioben2oyl)azetidine- 
2R-carboxylic acid methyl ester according to method Method H. The reaction was conducted at 
room temperature under a balloon of hydrogen for 7 h and the resulting product was used without 
further purification. ESMS: m/z 390.2 [M + HI. 
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[00482] Step 3: H4-Pentyl-3-trifluoromethyltWobenzoyl)a2stidine-2R-carboxyUc acid 
hydroxyamide was prepared fiom 1^4-peiityl-3-trifluoromethylthiobenzoyl)azetidine- 
2R-caiboxylic acid mettiyl ester according to Method B in 5 h. ESMS: m/z 3895 [M - H]. 'H 
NMR(300 MHz, CD3OD): 8.02 (s. IH), 7.79 (d. J= 7.5 Hz, IH), 7.52 (d, J= 8.1 Hz, IH), 4.82 
(dd. J= 6.0, 9.3 Hz, IH). 4.47 (dd, J= 8.7. 14.7 Hz, IH), 4.22 (dd. J= 8.7, 1 5.0 Hz, IH). 2.94 (t, 
y= 7.8 Hz. 2H), 2.66-2.53 (m, IH), 2.43-231 (m, IH), 1.65-1.54 (m. 2H), 1.42-1.31 (m, 4H), 
0.91(t,J=6.9Hz,3H). 

Example 70 

Prq>aiation of 1 -{4-I2<3-fluorophenyl)ethyl]-3-trifluoromethylMobe!izoyl}a 

2R-carboxylic acid hydroxyamide 




[00483] Stepl: l-[4-(niioropheayl^ynyl>3-trifluorom6fbyIfhiobenzoyl]azetidine- 
2R<arboxylic acid methyl ester was prepared by cotq)Uiig l-ethynyl-3-fliiorobenzene wifli K4- 
tri£hiorometiianesulfonyloxyO'4rifluoiomeaylfluobenzc^Oa«ti add methyl 

ester (Product fiom Step 2 of Example 62) accrading to Mefliod R. He crude product was 
purified via flash column chromatography on silica gel (50% EtOAc/hexanes as eluent) to give 1* 
[4-(fluorophenylethynyl)-3-trifluoromethyWiiobenzoyl]azetidine-2R-carboxjiic add metfaji ester 

in 96% yield. ESMS: m/z 438.1 [M + H]. 

[00484] Step 2: l-{4-[2-(3-Fluorophenyl)ethyl]-3-trifluoromethylthiobenzoyl}azetidine- 
2R-carboxylic acid methyl ester was prepared firom l-[4-(3-fluorophenylethynyl)-3- 
tri£luoromethylthiobenzoyl]azetidine-2R-carboxylic add methyl ester according to method 
Method H. The reaction was conducted at room temperature under a balloon pressure of 
hydrogen for 7 h and the resulting product was used without further purification. ESMS: m/z 
442.2 [M + H]. 

[00485] Step 3: l-{4-[2-(3-Fluorophenyl)ethyl]-3-trifluorometliylthiobenzoyl}azetidine- 
2R-carboxylic add hydroxyamide was prepared fiom l-{4-[2-(3-fluorophenyI)ethyl]-3- 
trifluoromethyltbiobenzoyl}azetidine-2R-carboxylic add methyl ester according to Method B in 
5 h. ESMS: m/z 441.1 [M - H]. 'H NMR (300 MHz. CD3OD): 8.03 (s. IH). 7.79 (d, 7= 7.2 Hz. 
IH). 7.51 (d. J- 8.1 Hz, IH), 7.26 (dd,y= 7.5, 14.1 Hz, IH), 6.98-6.84 (m, 3H), 4.84 (dd.y= 
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6.3, 93 Hz, IH), 4.47 (dd, /= 8,4, 14.7 Hz, IH), 4.22 (dd, 7- 8.4, 15.0 Hz, IH), 3.28 (t, 7= 8.1 
Hz, 2H), 2.93 (t, J= 8.1 Hz, 2H), 2.68-2.54 (m, IH), 2.44^2.33 (m, IH). 

Example 71 

Preparation of l-[3K3-fluoiophcnylethynyl)-4,5-<limethoxybenzoyy acid 

hydroxyamide 




[00486] Step 1 : 3-(3-Fluoroplienylethynyl>4,5-dimethoxybenzoic acid vm prepared by 
cjoupling l-ethynyl-3-fluorobenzene with 3-iodo-4,5-diinethoxybenzoic acid Method R. The crude 
product was purified via flash column chromatography on silica gel (5% MeOH in CH2CI2 as an 
ehient) to give 3-(3-fluorophenylethynyl)-4,5-dimethoxybenzoic acid in 95% yield ESMS: m/z 
299.3 [M-H]. 

[00487] Step 2: l-[3-(3-HuoiophenyletlQr]iyl)4,5Klimefhoxybenz^ 
2R-caiboxy lie add methyl ester was prepared by couplmg azetidine-2R-carboxylic acid methyl 
ester hydrochloride salt with 3-(3-fhion>phenylethynyl)-4,5-dimefho;Qrbenzoic acid by foUowmg 
Method A in 78% yield. The crude product was purified by silica gel column chromatography 
using 1 H mixture of EtOAc and hexanes. ESMS: m/z 398.3 [M + Hj. 

[00488] Step 3: l-[3<3-Fluorophenylethynyl)-4,5-dunethoxybenzoyl]azetidu^ 
2R-caiboxylic acid hydroxyamide was prepared from l-[3-(3-fluorophenylethynyl)4,5- 
dimetboxybenzoyl]azetidme-2R-carboxylic acid methyl ester by following Method B in 16 h. 
ESM: iw/2r397.4[M-H].*HNMR(300MHz,CDCl3): 7.18-7.31(m, SH), 7.04 (m, IH), 5.00 
(m, IH), 4.42 (m, IH), 4.25 (m, IH), 4.01 (s, 3H), 3.87 (s, 3H), 2.82 (m, IH), 2.52 (m, IH). 

Example 72 

Preparation of H4-aDyloxy-3-trifluon)methylthiobenzoyl)azetidine-2RK2ri)oxylic acid 

hydroxyamide 
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[00489] Step 1 : l-(4-AUyloxyO-trifluoromethyltiuobenzoyl)azetidiM acid 
methyl ester was prepared by alkylating l<4-hydroxy-3-lrifluoromethyltUobeiizoyl)azetidiiie- 
2R-carboxylic acid melhyl ester (Product fix)m Step 1 of Example 62) with allyl bromide 
according to Method C in 89% yield. The reaction was conducted at room ten^)erature &r 3.5 h 
and the resulting product was used without further purification. ESMS: m/z 3762 [M + H]. 
[00490] Step 2: l.(4-AllyloxyO-trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid 
hydroxyamide was prepared fix>m l-(4-allyloxy-3-trifluoromethylthiobenzoyl)a2etidine- 
2R-carboxylic acid methyl ester according to Method B in 6 h. ESMS: m/z yill [M + H]. *H 
NMR (300 MHz, CDCI3): 7.87 (d, J= 1.5 Hz, IH), 7.74 (dd, J= 1.5, 8.4 Hz, IH), 6.93 (d, J= 8.7 
Hz, IH), 6.09-5.95 (m, IH), 5.47 (dd, J= 1.5, 17.4 Hz, IH), 5.33 (dd,J- 0.9. 10.5 Hz, IH), 4.99 
(dd, J= 6.6, 8.7 Hz, IH), 4.64 (d, J= 5.1 Hz, 2H), 4.44 (dd, J= 8.7, 15.0 Hz, IH), 4.17 (dd, J« 
8.7, 15.6 Hz, IH), 2.72-2.59 (m, IH), 2.58-2.44 (m, IH). 

Example 73 

Preparation of l-(4-propoxy-3-trifluoromethyltiiiobenzoyl)azetidine-2R-K»rboxylic acid 

hydroxyamide 




[00491] Step 1 : 1 ^4-Propoxy-3-trifluoromethylthiobenzoyl)azetidme-2R-carboxylic acid 
methyl ester was prepared from l-(4-allyloxy-3-trifluoTomethyIthiobenzoyl)azetidine- 
2R-carboxylic acid methyl ester (Product from Step 1 of Example 72) according to Method H in 
96% yield. The reaction was conducted at room temperature for 4.5 h using a balloon of 
hydrogen and the resulting product was used without further purification. ESMS: mfz 378.1 [M + 

m. 

[00492] Step 2: H4-Propoxy-3-trifluoromethyltiuobenzoyl)azetidin©-2R-K:^^ acid 
hydroxyamide was prepared fiom l-(4-propoxy-3-trifiuorometfaylthiobenzoyl)a2setidine- 
2R-carboxylic acid methyl ester according to Method Bin 7.5 h. ESMS: m/z 379.2 [M + H]. *H 
NMR (300 MHz, CDCI3): 7.87 (d, J- 1.8 Hz, IH), 7.76 (dd, J= 1 .8, 8.7 Hz, IH), 6.93 (d, •/= 8.7 
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Hz, IH). 5.00 (dd, J= 6.6, 9.0 Hz, IH), 4.44 (dd, 7- 9.0, 15.0 Hz, IH), 4.18 (dd, J= 8.7, 153 Hz, 
IH), 4.02 (t, J= 6.3 Hz, 2H), 2.78^2.64 (m, IH), 2.5S-2.44 (m, IH), 1.93-1.80 (m, 2H), 1.07 (t, J 
-7.2Hz,3H). 

Example 74 

Preparation of 1 -(4>biit-3-enyloxy-3-trifluoromethylthiobenzoyl)azeddine-2R-*c^ acid 



hydroxyamide 




[00493] Step 1 : 1 -(4-Biit*3'«nylo3iy-3-trifhK)rome^yttUob^ 
add meth;^ ester prepared by alkylating l-(4-hydroxy-3- 

tri£hioromethylthiobenzoy])azetidine-2R-carboxylic acid methyl ester (Product fiom Step 1 of 
Example 62) with 4-bromobiit-l-^ according to Method C in 92% yield. The reaction was 
conducted at room tenq>erature for 2 1 h and the resulting product was used without further 
purification. ESMS: m/z 390.1 ^ + Hj. 

[00494] Step 2: l<4-But-3-cnyloxy-3-trifluoromelhylthiobenzoyl)azetidine-2R-KOT 
acid hydroxyamide was prepared fiom l-(4-But-3-^nyloxy-3-trifluoromethyltfaiobeDzoyl)- 
azetidine-2R-carboxylic add methyl ester according to Method B m 6 h. ESMS: m/z 391 .1 [M + 
H]. ^H NMR (300 MHz, CDCI3): 7.85 (s, IH), 7.75 (dd, 1.5, 8.7 Hz, IH), 6.93 (d, 9.0 Hz, 
IH), 6.00-5.84 (m, IH), 5.24^5.09 (m, 2H), 4.99 (dd, J= 6.6, 8.7 Hz, IH), 4.44 (dd, J- 7.8, 14.1 
Hz, IH), 4.17 (dd, J= 8.4, 15.3 Hz, IH), 4.10 (t, J« 6.6 Hz, 2H), 2.72-2.59 (m, IH), 2.59 (q, J= 
6.6 Hz, 2H), 2.58-2.44 (m, IH). 

Example 75 

Preparation of l-<4-butoxy-3-trifluoromethyltbiobenzoyl)azetidine-2R-K:arboxylic acid 

hydroxyamide 




[00495] Step 1 : l-(4-Butoxy-3-trifluorome1faylthiobenzoyl)azetidine-2RH:arboxylic add 
methyl ester was prepared fiom l-^4-but-3-enyloxy-3-trifluoromethylthiobenzoyl)azetidin©- 
2R-carfooxylic acid methyl ester ( product from Stq) 1 of Example 74) according to Method H in 
88% yield. The reaction was conducted at room temperature for 4.5 h using a balloon of 
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hydrogen and the resulting product was used without further purification. £SMS: m/z 392.3 [M + 
H]. 

[00496] Step 2: 1 -(4-Butoxy-3-trifluoronietfayl±iobenzoyl)azetidine-2R-^bo^^ acid 
hydroxyamide was prepared from l-(4-butoxy-3-trifluorom6thyIthiobenzoyl)azetidine- 
2R-carboxylic acid methyl ester according to Method B m 15 h. ESMS: m/z 393.1 (M + H]. 
NMR(300MHz, CDCI3): 7.86 (d,y« 12Hz, IH). 7.75 (dd, J= 1.8, 8.7Hz, IH), 6.93 (d,/=8.7 
Hzi IHX 5.00 (dd, J= 6.3, 9.0 Hz, IH), 4.44 (dd, J« 8.7, 14.7 Hz, IH), 4.18 (dd, J= 8.7, 15.0 Hz, 
IH), 4.06 (t, J= 6.3 Hz, 2H), 2.76-2.64 (m, IH), 2.58-2.44 (m, IH), 1.87-1.76 (m, 2H), 1.59- 
1.46 (m, 2H), 0.98 (t, J« 7.2 Hz, 3H). 

Example 76 

Preparation of l-[(4-(3-methylbut-3-enyloxy>-3-trifluoromethylthiobenzoyl]azetidine- 

2R-carboxylic acid hydroxyamide 




[00497] Step 1 : l-[4<3-Methylbut-3-enyloxy)-3-trifluoromediyltfaioben2oyl]azetidi^ 
2R-carbo3ylic acid methyl ester was prepared by alkylating l-(4-hydioxy-3- 
trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid methyl ester (Product fiom Step 1 of 
Example 62) with l-bromo-3-methylbut-2-ene according to Method C in 92% yield. The reaction 
was conducted at room temperature for S h and the resulting product was used without further 
purification. ESMS: m/z 404.2 [M + H]. 

[00498] Step 2: l-[(4-(3-Methylbm-3-enyloxy)-3-trifluoromethylthioben2X)yl]azetidine^ 
2R-carboxylic acid hydroxyamide was prepared from l-[4-(3-methylbut-3-enyloxy-3- 
trifluoromethylthiobenzoyl]-azetidine-2R-carboxylic acid methyl ester according to Method B in 
6h. ESMS: /n/2 405.1 [M + H], "HNMR(300MHz, CDCI3): 7.85 (d,y= 1.8Hz, 1H),7.73 (dd, J 
= 1.8, 8.7 Hz, IH), 6.93 (d, •/= 9.0 Hz, IH), 5.43 (br t, J= 6.6 Hz, IH), 4.98 (dd, J- 6.3, 8.7 Hz, 
IH), 4.62 (d, 6.6 Hz, 2H), 4,43 (dd, 7= 7.8, 14.4 Hz, IH), 4.17 (dd, 7= 8.7, 15.6 Hz, IH), 
2.70-2.43 (m, 2H), 1.79 (s, 3H), 1.74 (s, 3H). 
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Example 77 

Preparation of l-(4-prop-2-ynyloxy-3-trifluoiomethylthiobenzoyl)az^ add 

hydioxyanude 




100499] Step 1: l-(4-Prop-2-ynyloxy-3-trifluoromethylthiobenzoyl)azetidine-^^ 
acid methyl ester was prepared by alkylating l-(4-hydroxy-3- 

trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid methyl ester (Product from Step lof 
Example 62) with propargyl bromide according to Method C in 83% yield. The reaction was 
conducted at room temperature for 5 h and the resulting product was used without further 
purification. ESMS: 374.1 [M + m. 

[00500] Step 2: l-(4-Ptop-2-ynyloxy-3-trifluoromethyllWobenzoyl)azctidine-^ 
acid hydroxyamide was prepared ftom l-(4-prop-2-ynyloxy-3-trifluoromethylthiobenzoyl)- 
azetidine-2R-carboxylic acid methyl ester according to Method B in 6 h. ESMS: m/z 375. 1 [M + 
H]. *H NMR (300 MHz, CDCI3): 7.90 (d, 7= 1.8 Hz, IH), 7.79 (d, J« 8.7 Hz, IH), 7.14 (d, 
8.7 Hz, IH), 5.00 (dd, ^= 6.6, 8.7 Hz, IH), 4.83 (d, J= 2.4 Hz, 2H), 4.46 (dd, J= 8.7, 15.0 Hz, 
IH), 4.20 (dd, J= 8.7, 15.6 Hz, IH). 2.75-2.63 (m, IH), 2.57 (t, J= 2.4 Hz, IH), 2.56-2.45 (m, 
IH). 

Example 78 ' 

Preparation of l-<4-cthoxy-3-trifluoromethylthiobenzoyl)azetidine-2R-carboxj^ acid 

hydroxyamide 




[00501] Step 1 : l-(4-Ethoxy-3-trifluoromethylthiobenzoyl)azetidine-2R-carboxylic acid 
methyl ester was prepared by alkylating l-(4-hydroxy-3-trifluoromethylthiobenzoyl)a2;etidine- 
2R-carboxylic acid methyl ester (Product from Step 1 of Example 62) with ethyl iodide according 
to Method C in quantitative yield. The reaction was conducted at room temperature for 60 h and 
the resulting product was used without further purification. ESMS: m/z 364.2 [M + Hj. 
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[00502] Step 2: l<4-Ethoxy-3-trifIuoiomethyIthiobenzoyl)a2£tidine-2R'K^ acid 
hydioxyamide was prepared from l-(4-ethoxy-3-trifluorometfayltUob»3Zoyl)-a2etid]ne- 
2R-caiboxylic acid meihyl ester according to Method B in 5 h. ESMS: m/z 387.1 [M + Na]. 
NMR (300 MHz, CD3OD): 7.89 (s, IH), 7,79-7.76 (m, IH), 7.10 (d, J= 8.4 Hz, IH), 4.76-4.72 
(m, IH), 4.41-4.37 (m, IH), 4.19-4.15 (m, IH), 4. 10 (dd, J= 6.6 Hz, 13.5 Hz, 2H), 2.56^2.46 (m, 
IH), 2.36-2.26 (m, IH), 1.36 (t, J= 6.9 H?, 3H). 

Example 79 

Preparation of l-[4*(2,2,2-trifiuoroethoxy)-3*tcifluoromeQiylthiobenzoyl]azetidm 

acid hydroxyamide 




[00503] Step 1: l-[4-(2,2,2-Trifli]oroetlKxxy)-3-trifhiorome%ltU^ 
2R'<arboxylic acid methyl ester was prquoned by alkylating l-(4-hydroxy-3- 
tiifluoromefhylthiobeiizoyl)azetid]ne-2R-carboxylic acid methyl ester ^oduct firom Step 1 of 
Example 62) wifh l,l,l-trifluoro-2-iodoethane according to Mediod C in 70% yield The reaction 
was conducted at room temperature for 12 days and die resulting product was used without further 
purification. ESMS: m/z 418.2 (M + H]. 

[00504] Step 2: l-[4-(2A2-Trifluoroethoxy)-3-trifluoromefhylthiobenzoyl]azetidine- 
2R*carboxylic acid hydroxyamide was prepared fipom l-[4-(2,2,2-trifluoro)-3- 
trifluoromethyIthiobenzoyl]azetidine-2R-cazboxylic acid methyl ester according to Metfiod B in S 
h. ESMS: m/z 419.1 [M + H]. ^H NMR (300 MHz, CD3OD): 7.95 (s, IH), 7.83-7.80 (m, IH), 
7.21-7.18 (m, IH), 4.73-4.69 (m, IH), 4.68-4.63 (m, 2H), 4.41-435 (in, IH), 4.17-^.11 (m, IH), 
2.54-2.48 (m, IH), 2.34-2.24 (m, IH). 
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Example 80 

Preparation of (+)-/rflnj-l-(3,4-dimethoxy-5-propyIben2oyl>3-ethylazetic^ acid 

hydroTQramide 




[00505] Step 1 : (BeDzhydrylaiDino)acetic acid tert-hotyl ester prepared as reported in 
referenced J. Blythinetal. J. Qi^ChenL 1994» JP,609S-6100. 

[00506] Step 2: To a solution of (benzhydrylamino)acetic acid tert-hayl ester (6. 1 g» 
20.5 nunoi 1 eq.) in dry acetone (75 mL) at -SO ''C to -60 ""C was added DIEA (3.58 mL, 
20.5 nunol, 1 eq.) foUoAved by a solution of l-hromobuta<-2-none (2.33 rnL^ 20.5 mmol, 1 eq.) in 
acetone (75 mL). The reaction mixtore was allowed to wann to room temperature and then heated 
to reflux for 2 L The reaction was cooled and then added additional 5% (by weight) of DIEA and 
l-hromobuta-2-none. The resulting mixture was conliaued to be heated at reflux overnight The 
reaction mixtuze was cooled to room temperature and added £t20. The precipitated solid was 
filtered ofTand washed with EtiO. The combined organic layer was washed with brine, dried over 
MgS04, filtered, and concentrated in vacuo to afford [benztQrdryl-(2-K)xobutyl)ammD]acetic acid 
rerr-butyl ester in 98% yield (crude product), which was used witiiout further purification. ESMS: 
ot/z 368.4 [M + H]. 

[00507] Step 3 : To a stirred solution of [ben2hydryl-(2-oxobutyl)amino]acetic acid tert- 
butyl ester (7.4 g, 20.1 mmol, 1 eq.) indry MeOHiTHF (100 mL, 1:1) at -23 ^C, was added 
CeCla.THaO (1.43 g, 3.83 mmol, 0.19 eq.). The reaction mixture was stirred until homogeneous, 
then NaBH4 (0.57 g, 15.1 mmol, 0.75 eq.) was added slowly (in small portions). The reaction was 
stirred for additional 20 mln, then poured onto brine. This mixture was extracted with DCM, 
dried over MgS04, filtered, and concentrated in vacuo to afford [benzhydryl-(2- 
hydroxybutyl)amino]acetic acid /^r/-butyl ester in quantative yield. This was used without further 
purification. ESMS: m/z 370.4 [M + H]. 

[00508] Step 4: To a stured solution of [benzhydryI-(2-hydroxybutyl)amino]acetic acid 
tert'hvtyl ester (7.4 g, 20 mmol, 1 eq.) m dry CHCI3 (50 mL) at 0 ""C was added SOCI2 (3.13 mL, 
43 mmol, 2.15 eq.) dropwise. After 30 min, the solvent was removed in vacuo to afford 
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[beDZhydryl-(2-cUotobutyl)an]ino]acedc acid rerr-butyl ester (99% crude yieldX vAdch was used 
without further purification. ESMS: 3883 [M + H]. 

[00509] Step 5: To a stirred solution of [bendiydiyl-(2-chIorobutyl)amino]acetic acid tert- 
butyl ester (7.7 g, 19.9 mmol, 1 eqO in dry TUF (120 mL) at -78 was added NaHMDS 
(49.7 mL, 49.6 mmol, 2.5 eq.) dropwise over 45 min. The reaction was then aeutralized with 
AcOH (0.2 mL). The solid formed was filtered offand washed with EtOAc and die filtrate was 
concentrated in vacuo. The residue was redissolved in EtOAc^ washed with brine, dded over 
MgS04, filtered, concentrated in vacuo. The resulting product was chromatographed on silica gel 
using 50% DCM/hexanes/0.5% EtOAc mixture as eluent to afford (+>rran5-l-ben2liydryl-3- 
ethylazetidine-2-carboxylic acid fer/-butyl ester 86% yield. ESMS : m/z 352.3 [M + H]. 

[00510] Step 6: To a stirred solution of ^+)-rran5-l-ben2hydryl-3-etaiylazetidiDe-2- 
carboxylic add /e/*/-butyl ester (2.85 mmol, 1 eq.) in dry MeOH (50 xnL) was added 1 M acetyl 
chloride (3.1 mL, 3.13 mmol, 1 .1 eq.) in MeOH and sonicated the mixture to obtain clear solution. 
To this was added palladium hydroxide on carbon (20% Pd(OH)/C, 200 mg) and the mixture was 
hydrogenated at 60 psi for 5 h. The catalyst was filtered ofiT and the filtrate was concentrated 
^ in vacuo to afford (+)-/r£7m-3-ethylazetidine-2-carboxylic add tert-bxxtyl ester m quantitative 
yield. This was used without fiirther purification. 

[00511] Step 6: (+)-/ranj4-<3,4-Dunethoxy-5-propylbenzoyl>3-eaiylazetidm 
carboxylic add tert-bulyl ester was prepared by coupling (+)-/raiiy-3'*ethylazetidme-2-carboxyIic 
acid /erf-butyl ester with 3,4-dimethoxy-5-propyIbenzoic (Product fiom Step 3 of Example 1) by 
following Method A in 84% yield The reaction was stirred at 0 for 1 h, and then at room 
temperature overnight The product was used without fiirther purification. ESMS: m/^ 4143 [M 
+Na]. 

[00512] Step 7: To a solution of {-fytrans-l -(3,4-dimetiioxy-5-propylbenzoyl)-3- 
ethylazetidin&-2-carfooxylic add tert-butyl ester (160 mg, 0.41 nomol, 1 eq.) in dry DCM (3.5 mL) 
at room temperature was added TFA (1.5 mL). The resulting reaction mixture stirred at room 
temperature for 2 h. The solvent was removed in vacuo and dried under high vacuum. The 
residue was dissolved in ether and washed with 2% NaOH solution. The aqueous layer was 
acidified with 1 M HCI and extracted with EtOAc. The organic layer dried over Na2S04, filtered, 
and concentrated in vacuo to afibrd (+>-rr^-l-(3,4-dimethoxy-5-propylbenzoyl)-3- 
ethylazetidine-2-carboxylic acid in 80% yield, which was used without further purification. 
ESMS: w/z 336.3 [M + H]. 
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[00513] Step 8: To a solution of (+)-/^awJ-H3,4-dimethoxy-5-propylb^ 
ethyIa2etidine-2-carboxylic acid (1 10 mg, 0.33 mmol, 1 eq.) in dry DMF (2.5 mL) were added 
HATU (1 50 mg, 0.39 mmol, 1 2 eq.), DIEA (0.23 mL, 1 .31 mmol, 4.0 eq.), HOBt (50 mg, 
039 mmol, 1 eq.) and the mixture was cooled to 0 then the 0-benzyIhydioxylamine 
hydrochloride (63 mg, 0.39 mmoU 1-2 eq.) was added. The resulting mixture was stirred at 0 
for 1 h, and tiien at room temperature ovemght The reaction was diluted 
with IM aqueous HCl solution, saturated NaHCOa solution, and brine. The organic layer was 
dried over MgS04, filtered and concentrated in vacuo to give (+)-/srawj-l-(3,4-dimetbo3qr-5- 
propylbenzoyl)-3-ethylazetidine-2-carboxylic add benzyloxyamide in 68% yield, which was used 
without furOier purificatioa ESMS: m/z 441.3 iM + H]. 

[00514] Step 9: (+)-/ra;iy-l-(3,4-Dimelhoxy-5-propylbenzoyl)-3-ethyla2Ktidme-^^ 
carboxylic acid hydroxyamide was prepared from (+)./ran5:-l-(3,4-dimethoxy-5-propylben2oyl)- 
3-ethylazetidine-2-carboxylic acid benzyloxyamide by following Method H in 90% yield. Hie 
reaction was conducted at room temperature using a balloon of hydrogen for Ih. ESMS: 351 .6 
[M + H]. NMR (300 MHz, CD3OD): 6.93 (s, IH), 6.90 (s, IH), 4.80 (m, IH), 4.48 (m, IH), 
4.32 (m, IH), 3.75 (s, 3H), 3.71 (s, 3H), 2.62 (m, IH), 2.49 (t, 2H), 1.85 (m, IH), 1.72 (m, IH), 
1.50 (m,2H), 0.84 (t,6H) 

Example 81 

Preparation of l-(3-triifluoromethoxy-4-trifIuoromethylthiobenzoyl)a2etidin^^ acid 

hydroxyamide 



6.44 mmol) in DMF (10 mL) at 0 was added NaH (60% in mineral oil, 283 mg, 7.08 mmol) in 
small portions and the reaction mixture was slowly warmed to 23 °C over 30 minutes. The 
reaction vessel was evacuated and flushed with trifluoromethyl iodide gas and finally a balloon of 
trifluromethyl iodide gas was attached and continued the reaction at 23 **C till the ^ is 
consumed. The reaction mixture was heated to 80 °C with stirring for 2 h, cooled to room 
temperature and stured overnight The reaction mixture was poured into 1 .0 N HCl (100 mL) and 




N 
H 



,<0H 



[00S15] 



Step 1 : To a stirred solution of 4-bromo-2-trifluoromethoxybenzenetiiiol (1 .76 g, 
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extracted with ethyl ether. The combmed oragnic layer was washed with brine (80 mL), dried 
MgS04 and concentrated in vacuo to get die erode product This was purified by siUca gel 
column chromatography using pentane as a eluent to afford 4-bromo-2-trifluorometfaoxy-l- 
trifluoromefhylthiobenzene (1.12 & 51%). 

[00516] Step 2: To a stirred solution of 4-bromo-2-trifluoromethoxy-l* 
trifluoromeOiylfhiobenzene (500 mg, 1.47 nunol) in DMSO (10 mL) was added potassium acetate 
(577 5.88 mmolX followed by palladium acetate (16 mg, 0.07 nunol) and dppf (41 mg, 
0.07 nunol). The reaction mixture was purged with carbon monoxide for 5 min and stured under a 
balloon i»:essure of carbon monoxide at 60 for 8 h. The reaction mixture was cooled to room « 
temperature and stirred overnight The reaction mixture was diluted with 0.5 N HCl (100 mL) and 
extracted wifli dichloromethane (3 x 100 mL). The combined organic layer was washed widi brine 
(2 X 200 mL), dried MgS04 and concentrated tn vacuo to yield 3-trifiuoromethoxy-4- 
trifluoromethyldiiobenzoic acid (449 mg, quantitative yield). 

[00517] Step 3: l-(3-Trifluoromelhoxy-4-trifl\ioromethylthiobenzoyl)azetidiiie- 
2R-carboxylic acid methyl ester was prepared by coupling a2etidine-2R-carboxylic acid methyl 
ester hydrochloride salt with 3-trifluorome1hoxy-4-trifluoromethylthiobenzoic add by following 
Method A in 53% yield. The crude product was purified by silica gel column chromatography 
using 1 : 1 mixture of EtOAc and hexanes. ESMS: m/z 404.1 [M + Hj. 

[00518] Step 4: l-(3-Trifluoromethoxy-4-trifluoromethylfhiobenzoyl)azetidine- 
2R-carboxylic acid hydro:^amide was prepared fiom l-(3-trifluoromethoxy-4- 
trifluonimethyhhiobenzoyl)azetidme-2R-carboxylic acid methyl ester in 3 h by following Method . 
B. ESMS:in/2403.0|M-H].^HNMR(300MHz,CI>3OD):7.98-7.60(^ 
IH), 4.57-4.40 (m, IH), 4.35-420 (m, IH), 2.70-2.52 (m, IH), 2.48-2.34 (m, IH). 

Exanq)le 82 

Prq)aration of l-(4-methoxy-3-trifluoromethylthiobeii2yl)azetidine-2Rrcarboxylic acid 

hydro^amide 

N 

[00519] Stepl: (4-Methoxy-3-trifluoromethyttbiophenyl)methaiK)lvms prepared fix)m 4- 
metho3cy-3-trifluoromethyldiiobenzoic acid following Metiiod S in 94% yield. The resulting 
product was used without further purificadorL 
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[00520] Step 2: Methanesulfonic acid 4-methoxy*3-tri£uoTometfayItlub&en^^ ester was 
prepared fix)m (4-methoxy-3-trifluoromethyltiuophenyl)methanol according to Method T in 
quantitative yield and the resulting product was used without further purification* 

[00521] Step 3: l<4-Methoxy-3-trifluoromethyItMobenzyl)azetidine-2RHcarbo:9^ 
methyl ester was prepared by reacting methanesulfonic acid 4-methoxy-3- 
trifluoromethylthiobenzyl ester with azetidine-2R-carboxylic acid methyl ester hydrochloride salt 
according to Method U and the resulting product was used witiK>ut further purificaticnL ESMS: 
iw/z 336.5 [M + H]. 

[00522] Step 4: 1 -(4-Methoxy-3-trifluoromethylthiobenzyI)azetidine-2R-carboxylic acid 
hydroxyamide was prepared fix)m l-(4-methoxy-3-trifluoromethylthiobenzyl)azetidme- 
2R-carboxyUc acid methyl ester following method B in 2 k ESMS: m/z 335^ [M H]. NMR 
(300 MHz, CD3OD): 7.74 (dd, J= 2.4 Hz, 8.1 Hz, IH), 7.6S-7.59 (m, IH), 7.19 (dd, J= 2.1 Hz, 
8.7 Hz, IH), 5.43 (t, 9.6 Hz, IH), 420 (s. 2H), 4.20-4.08 (m, IH). 4.00-3.95 (m, IH), 3.91 (s, 
3H), 2.76-2.60 (m, IH), 2.57-2.50 (m, IH). 

Example 83 

Preparation of l-(3,4-dimethoxy-S-trifluoromethylthiobenzyl)azetidine-2R-carb^ acid 



hydroxyamide 




[00523] Step 1: To a stirred solution of 3,4<timetho^-5-trifluoromethylthiobenzoic acid 
methyl ester (300 mg, 1.01 mmol) in dichloromethane (21 mL) at -78 was added 
diisobu^laiuminumhydride (1.0 M m hexane, 3.0 mL) slo^y and the reaction mixture was stirred 
for 1 h. Excess diisobutylaluminumhydride was decomposed by adding EtOAc (3.0 mL) at - 
78 X. The reaction mixture was warmed to -1 5 ^C, and treated with saturated aqueous NaK 
tartrate/saturaled aqueous sodium bicarbonate (25 mL, 1 :1, v/v). Resultmg mixture was stirred at 
23 for 2 h then extracted witti EtOAc (40 mL). The organic layer, washed with brine ^ x 
80 mL), dried MgSOa, and concentrated in vacuo to yield (3,4-dhnetfaoxy-5- 
trifluoromediylthiophenyl)methanol (355 mg). 

[00524] Step 2: Methanesulfonic acid 3,4-dimethoxy-5-trifluoromethyKhiobenzyl ester 
was prepared from (3,4-dimethoxy-5-trifluoromethylthiophenyl)methanol according to Method T 
in 90% yield and the resulting product was used without further purificatioiL 
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[00525] Step 3: lK3,4-dime1hoxy-5-trifluoromethylth^^ 
add methyl ester was prepared by reacting methanesulfonic acid 3,4-dimethoxy-5- 
trifluoromethylthiobenzyl ester with azetidine-2R-carbo}cylic acid methyl ester hydrochloride salt 
according to Method U and the resultmg product was used without further purificatiotu ESMS: 
w/z 366.5 [M + H]. 

[00526] Step 4: l-Q,4H]imetfaoxy-5-tri£luon>metfayltfaiobenzyl)a2etidia 
add faydroxyamide was i^epaied from l-(3,4-dimethoxy-5-trifluoromefliylthiobenzyl)aze1idme- 
2R-carboxylic add methyl ester following method B in 2L ESMS: m/z 365^ [M - H]. NMR 
(300 MHz, CEbOD): 7.31 (s. 11^), 7.28 (s, IH), 5.47 (t, J« 9.3 Hz. IH). 4.35 (s, 2H), 4.19-4.10 
(m, IH), 4.05-^3.95 (m, IH), 3.92 (s, 3H), 3.87 (s, 3H), 2.76-2.60 (m. IH), 2.57-2.50 (m, IH). 

Example 84 

Preparation of l-(3-tiifluoromethylthiobenzyl)azetidine-2R-carl)oxylic add hydroxyamide 




(00527] Stepl: (3-trifluoromediylthiophenyl)medianol was prepared from 3- 
trifluoromethylthiobenzoic add foUowmg Method S in 78% yidd. The resulting product was 
used widiout further purification. 

[00528] Step 2: Methanesulfonic add 3-trifluoromethylthiobenzyl ester was prepared from 
(3-trifluoromethylthiophenyl)methanol according to Method T in 91 % yield and the resulting 
product was used without further purification. 

[00529] Step 3: l-(3-Trifluoromethylthiobenzyl)azetidine"2R-carboxylic acid methyl ester 
was prepared by reacting methanesulfonic add 3-trifluorome&ylthiobenzyl ester with azetidine- 
2R-carboxylic acid methyl ester hydrochloride salt according to Method U and the resulting 
product was used without further purification. ESMS: m/z 306.5 [M + H]. 

[00530] Stq)4: l<3-Trifluoromediyltfaiobenzyl)azetidine-2RK)arboxyUcad^ 
faydroxyamide was prepared fix>m l-(3-trifluoromethylthiobenzyl)azetidine-2R-carboxylic add 
methyl ester following method B in 2h. ESMS: m/z 307.5 [M + H]. *H NMR (300 MHz, 
CD3OD): 8.06-7.76 (m, 4H), 4.91-4.88 (m, IH) 4.35 (s, 2H), 4.17-4.03 (m, IH), 3.92-3.87 (m, 
IH), 2.59-2.52 (m, IH), 2.4^2.39 (m, IH). 
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Example 85 

Preparation of l-(3-trifluorome1hylfluobenzoyl)pym)Hdine-^ acid hydroxyamide 




[00531] Step 1 : S-Trifluoromethylthiobenzoyl chloride was prepared from 3- 
trifluoromethyltfaiob^izoic acid according to Metiiod V and the resulting product was used 
without iiirtfaer purification. 

[00532] Stet 2: 1 -<3-Trifluoromethyl^obenzoyl)pyrrolidine-2R-carboxylic acid methyl 
estn was prepared by reacting pynolidin6-2R-carboxylic add metiiyl ester with 3- 
trifluoTomefhyllhiobenzoyl chloride according to M etiiod W. The product was used without 
ftirther purification. ESMS: m/z 334.5 [M + H|- 

[00533] Step 3: l<3-Trifluoromethylthiobenzoyl)pyirolidine-2R-carboxylic arid 
hydroxyamide was prepared from l-(3-trifluoromethylthiobenzoyl)pyrrolidine-2R-carboxylic acid 
methyl ester following Methods. The reaction was conducted for4daysatroomtemperature. 
ESMS: m/z 333.5 [M~H]. *HNMR (300 MHz, CD3OD): 7.95 (s, IH), 7.82-7.72 (m, 2H), 7.58 
(t, J= 8.1 Hz, IH), 4.48 (dd, 7= 6.0 Hz, 8.1 Hz, IH), 3.67-3.59 (m, IH), 3.51-3.44 (m, IH), 
2.32-224 (m, IH); 2.08-1.85 (m, 3H). 

Example 86 

Preparation of l-(3-methoxy-5-trifluoromethylthiobenzoyi)pyrroUdine-2R<arbox^^ acid 

hydroxyamide 




[00534] Stepl: 3-Methoxy-5-trifluQrometiiyltiuobeDZoyl chloride was prepared from 3- 
metiioxy-5-tri£hiorometiiylthiobenzoic acid (Product from Step 6 of Example 48) according to 
Method V and the resultmg product was used without fiirtfaer purification. 

[005351 Stet 2: l-(3-Methoxy-5-trifluoromethylthiobenzoyl)pyrrolidine-2R-carboxylic acid 
metiiyl ester was prepared by reacting pyrrolidin&-2Rrcarboxylic acid methyl ester with 3- 
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methoxy-5-trifluorome&ylthiobenzoyl chloride accoidiiig to Mediod W. The pixxluct was used 
without further purification. ESMS: m/z 364.5 [M + H). 

[00536] Step 3: l-(3-Meflioxy-5-trifluoramethylthiobenzoyl)pynoUdm acid 
hydroxyamide was piepated fiom l-(3-methoxy-5-tri£hioiomethylthiobenzoyl)-pyrrolidine- 
2R-ca]i)02cylic acid methyl ester following Method B. The reaction was conducted for 4 days at 
room temperature. ESMS: 5tf3.5 [M-H]. *HNMR(300MHz, CEbOD): 7.48 (s, IH). 7.33 (s, 
2H), 4.41 (t, J= 7.2 Hz, IH), 3.86 (s, 3H), 3.72-3.58 (m, IH), 3.58-3.40 (m, IH), 2.38-2.20 (m, 
IH), 2.10-1.80 (m,3H). 

Example 87 

Preparation of l-(4-medioxy-3-trifluoromethyltUobenzoyl)pyrrofidine-2RK:arb^ acid 

hydroxyamide 




[00537] Step 1 : 4-Meaioxy-3-trifluoromethylthiobenzoyl chloride was prepared fix)m 4- 
methoxy-3-trifluoromethylthioben2oic acid (Product from Step 5 of Example 45) according to 
Method V and the resulting product was used without further purification. 

[00538] Stet2: K4-Mefhoxy-3-trifluoromethylthiobenzoyl)pyrroKdme-2R-K:arbo^^ . 
methyl ester was prepared by reacting pyrrolidine-2R-ca]:fooxylic acid methyl ester with 4- 
methoxy-3-trifluoromethyl11uobenzoyl chloride according to MediodW. The product was used 
without fiirther purification. ESMS: m/z 364.5 [M + H]. 

[00539] Step 3: l-<4-Me1faoxy-3-trifhK)romethylfluobenzoyl)pyrroUdine- acid 
hydroxyamide was prepared fix>m l-(4-methoxy-3-trifiuoromediyId]iobenzoyl>pynolidine- 
2R-K:aiboxylic acid methyl ester following Method B. The reaction was conducted for 4 days at 
room temperature. ESMS: 365.5 [M - H]. NMR (300 MHz, CD3OD): 7.93 (s, IH), 7.81 (dd, J 
= 2.4 Hz, 8.7 Hz, IH). 7.20 (d, J= 8.4 Hz, IH) 4.43 (t, J= 14.4 Hz, IH), 3.95 (s, 3H), 3.71-3.66 
(m, IH), 3.59-3.51 (m, IH), 2.31-2.25 (m, IH), 2.08-1.84 (m, 3H). 
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Example 88 

Pteparation of l-(3,4Hiimethoxy-5-trifluorome%lthioben2oyl)py^ acid 

hydioxyamide 




[00540] Step 1 : 3,4-Dimethoxy-S-trifluoiQme1hylfhiobenzoyl chloride was prepared fiom 
3,4Hlimethoxy-S'-trifluoromelbylthiobeDzoic acid (Product firom Step 5 of Example S8)according 
to M ettod V and the resulting product was used without fiirdier purification. 

[00541] Stet2: l-(3,4-Dimethoxy-5-trifluon)methyltWoben2oyl)pyrroUdine-2RK:arl^ 
acid methyl ester was prepared by reacting pyrrolidine-2R-carboxylic acid methyl ester with 3,4- 
dimethoxy-5-trifluorome1hylthiobenzoyl chloride according to Method W. The product was used 
without further purification. ESMS: m/z 394.5 [M + H]. 

[00542] Step 3: l-<3,4--dimethoxy-5-trifluoromeihylthiobeiizoyl^ 
acid hydroxyamide was prepared firom l-(3,4-dimeQioxy-S*trifluoromethylthiobenzoyl)* ' 
pyrrolidine-2R«carboxylic acid methyl ester fi)llowing Mediod B. The reaction was conducted 
for 4 days at room traiperatuie. ESMS: m/z 393 J pM - H|. *H NMR (300 MHz» CDjOD): 7.49 
(s, IH), 7.46 (d, /= 1.8 Hz, IH), 4,47 (t, J= 7.8 Hz, IH), 3.94 (s, 3H), 3.92 (s, 3H), 3.71-3.68 (m, 
IH), 3.65-3;51 (m, IH), 2.34-2^ (m, IH), 2.10-1.86 (m, 3H). 

Example 89 

Preparation of l-(4-me1hoxy-3-piopyl-5-tiifluoromethylthiobOTZoyl)pynoUdme-2R-^ 

add hydroxyamide 
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[00543] Stq) 1 : 4-methoxy-3-piopyl -S-trifluoromethylthiobenzoyl chloride was prepared 
4-methoxy-3-propyl-5-trifluoromc%ltliiobenzoic acid (Product ftom Step 10 of Example 49) 
according to Method V and flie resulting product was used without further purification. 

[00544] Step 2: l-(4-methoxy-3-propyl-5-trifluoromethylthiobenz6yl)pyr^ 
2R-carboxylic add methyl ester was prq>ared by reacting pyrrolidine-2R-carboxylic acid methyl 
ester with 4-mefhoxy-3-propyl-5-trifluorometbyIthiobenzoyl chloride according to Method W. 
The product was used without further purificatioxL ESMS: m/z 406.5 [M + H]. 

[00545] Step 3: l-(4-methoxy-3-propyl-5-trifluoromethylthiobenzoyl)pyrrolidine- 
2R-carboxylic add hydroxyamide was prepared from l-(4-methoxy-3-propyl-5- 
trifluoiomethylfliioben2oyl)pyiTolidine-2R-carboxylic acid methyl ester following Method B. The 
reaction was conducted for 4 days at room temperature. ESMS: m/z 405.5 [M - HJ. *H NMR 
(300 MHz, CD3OD): 7.78 (s, IHX 7.67 (s, IH), 4.45-4.40 (t, J= 7.8 Hz, IH), 3.88 (s, 3H), 3.77^ 
3.63 (m, IH), 3.58-3.44 (m, IH), 2.72 (t, J= 7.8 Hz, 2H), 2.35-222 (m, IH), 2.12-1.85 (m, 3H), 
1.72-1.64 (m, 2H), 0.98 (t, J= 7.5 Hz, 3H). 

Exanq>le90 

Preparation of l-(3,4-dimethoi{y*5-trifh]oromefhylthiobenzoyl)-4S-fluoropyirolidm 

2R-carboKylic acid hydroxyamide 




[00546] Step I : To a stirred sohition of 4R-hydroxypynolidine-2R-carboxylic add (1 0,0 g, 
76.3 mmol, 1 eq.) in MeOH (300 mL) at 0 'C was added SOCI2 (10.0 mL, excess) over the course 
ofl.Smin. Thereaction was allowed to warm to 23 'C. After 16 h the reaction mixture was 
concentrated In vacuo to give 4R-hydroxypyirolidine-2R-carboxylic add methyl ester 
hydrochloride salt as a white solid (15.9 g, 100% yield). 

[005471 Step 2: To a stirred suspension of 4R-hydroxypyrrolidine-2R-carboxylic acid 
methyl ester hydrochloride salt (15.9 g, 76.3 mmol, 1 eq.) in CH2CI2 (200 mL) at 23 was added 
BtsN (21.3 mL, 153 mmol, 2 eq.) foUowed by B0C2O (21.1 mL, 91.6 mmol, 1.2 eq.). The 
resulting mixture was stined for 5 h, then treated with silica gel (20 g). The volatiles were 
'removed in vacuo to give a fiee-flowing powder, vMch was dry-loaded onto a pre-packed silica 
gel columa The product was purified via flash column chromatography (1 00% EtOAc as an 
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duent) to give 4R-hydroxypyrrolidine-l^R-dicarboxylic acid Utert-bntyl ester 2-metiiyl ester 
(14.4 g, 58.9 mmoU 77% yield). 

[00548] Step 3: To a stiired solution of 4R-hydroxypyrrolidiiie.i;2R-dicarboxylic acid 1- 
/er/-butyl est» 2-mefliyl ester (1.62 g, 6.59 mmol, 1 eq.) in CH2CI2 (30 mL) at -78 was added 
DAST sohidon (1 .0 M in CH2CI2, 7.91 mL, 7.91 mmol, 1.2 eq.). The resulting solution was 
stiired at -78 'C for 3 0 min, followed by room temperature for 60 min, then quenched vnfh 
saturated aqueous NaHCO} (1 5 mL). The resulting mixtue was partitioned between H2O 
(100 mL) and Et20 (150 mL). The layers were separated, the organic layer washed with brine 
(100 mL), dried MgS04 and concentrated mvacuo. The product was purified via fladi column 
chromatogmphy on silica gel (40% EtOAc/hexanes as an eluent) to give 4S-fluoiopynolidin&- 
l,2R-dicarboxylic acid Werr-butyl estar 2-methyl estsx (248 mg, 1.00 mmol, 15% yield). ESMS: 
270.5 [M+Na]. 

[00549] Step 4: 4S-fluoropynolidine-l,2R-dicarboxylic acid 1-^er^-butyl ester 2-methyl 
ester (240 mg, 0.97 mmol, 1 eq.) was treated with anhydrous 4.0 M HCl in dioxane (20 mL, 
excess). The resulting mixture was stirred vigorously at 23 'C for 4 h, then concentrated to give 
the desired of 4S-fluoiopyirolidine-2R-caiboxylic acid methyl ester hydrochloride salt. This was 
used wittiout further purification. 

[00550] Step 5: H3,4-Dimethoxy-5-trifhiorometh]4thioben2X>yl>4S-fluoiop^ 
ZR-carboxylic add meAyl ester was prepared by reacting of 4S-fluoropyrrolid]ne-2R-carboxyiic 
acid methyl ester hydrochloride salt with 3,4-dimetfaoxy-5-trifluorometfayUfaiobrazoyl chloride 
(Product fi:om Step 1 of Example 88) according to Method W in 14 h. The product was purified 
by silica gel column chromatography (80% EtO Ac/hexanes as an eluent) to give 1 -(3,4* 
dunethoxy-5-trifluoromethylthiobenzoyl)-4S--£hioiopyrr^ acid mediyl ester in 

58% yield. ESMS: m/z 412.5 [M + H]. 

[00551] Step 6: l-(3,4-dimethoxy-5-trifluQn)methyltWobenzoyl)-4S-fluoropyiio 
2R-carboxylic add hydioxyamide was prepared fix>m l-(3,4-dimethoxy-5- 
trifluQromethylthiobeii2oyl)-4S-fluaropynx)Kdine-2R-carboxylic acid methyl ester following 
Method B in 24 h. ESMS: m/z 411.5 [M - H], *HNMR (300 MHz, CDCI3): 7.35 (s, IH), 7.29 (s, 
IH), 5.34 (br s, IH), 5.27 (br s, IH), 4.88 (t, 6.9 Hz, IH), 3.95 (s, 3H), 3.91 (s, 3H), 3.90-3.75 
(m, IH), 2.85-2.43 (m,2H). 
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Example 91 

Preparation of H3,4-dimedioxy-S-tri£luoromethyllMobenzoyl)-4R-^^ 

2R-carboxylic acid hy droxyamide 




[00552] Step 1: To a stined solution of 4R-hydroxypyrtolidine-l^-dicarboxylic acid 1- 
tertAmtyl ester 2-metfayl ester (223 g, 9.1 1 mmol, 1 eq.; Product ftom Step 2 of Example 90), 4- 
nitrobenzoic acid (3.05 g, 18.2 mmol, 2 eq.) and PPhs (4.78 g, 18.2nmiol,2eqOinTHF(100mL) 
at 0 *C added DIAD (3.59 mL, 18.2 mmol, 2 eq.). The reaction bath slowly allov^ to 
wannto23*C. After 24 h the reaction mixture \vas partitioned between H2O (100 xnL • 
EtOAc (200 mL). The layers were separated, the organic layer was washed with saturated 
aqueous NaHCOa (200 mL), brine (200 mL), dried MgS04 and concentrated in vacuo. The 
product was purified via flash column chromatography on silica gel (33% EtOAc/hexanes as an 
eluent) to give 4S-(4-nitrobenzoyloxy)pyrrolidine-l,2R-dicarboxylic acid l-ZerT-butyl ester 2- 
methyl ester (6.46 g) v^ch was contaminated with hydrazine biscarbamate. This was used 
witho\it further purification. 

[00553] Step 2: 4S-(4-Nitrobenzoyloxy)pyrrolidine- 1 ^R-dicarboxylic acid 1 -/er/-butyl 
ester 2-methyl ester was dissolved in MeOH (200 mL) and treated with NaNs (2.17 g, 33 mmol, 
3.7 eq.) followed by 15-crown-5 (4.0 mL, 20 mmol, 2.1 eq.). The resulting solution was wanned 
to 40 'C for 2.5 h, then concentrated. The residue was partitioned between H2O (150 mL) and 
EtOAc (200 mL). The layers were separated, the organic layer washed vwth H2O (150 mL), brine 
(100 mL), dried MgS04 and concentrated concentrated in vacuo. The product was purified via 
flash column chromatography on silica gel (50-100% EtOAc/hexanes as eluent) to give 4S- 
hydroxypyrrolidine-l,2R-dicarboxylic acid l-rer^-butyl esta: 2-methyl ester (1.40 g, 5.71 mmol, 
63% yield). 

[00554] Step 3: To a stirred solution of 4S-hydroxypyrrolidine-l,2R-^carboxylic add 1- 
/err-butyl ester 2-methyl ester (716 mg, 2.92 mmol, 1 eq.) in CH2a2 (15 mL) at -78 'C was added 
aqueous (MeO)2DAST (2.15 mL, 1 1.7 mmol, 4 eq.) over the course of 2 min. After 2 h the 
reaction mixture was wanned to 0 *C» and after a fur&er 2 h warmed to 23 "C. After 1 .5 h at 23 
"C tibe reaction was quenched with NaHCQs. The mixture was then filtered through apad of 
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Celite and concentrated in vacuo. The product was purified via flash column chromatography on 
silica gel (40% EtOAc/hexanes as eluent) to give 4R-fluoropyrrolidine-l,2R-dicarboxylic acid 1- 
terZ-butyl ester 2-methyl ester (255 mg, 1 .03 mmol, 35% yield). 

[00555] Step 4: To 4R-fluoiopyrTolidine-l ^-dicarboxylic acid 1-r^f-butyl est^ 2-mefliyl 
ester (255 mg, 1 .03 mmol, 1 eq.) was added anhydrous 4.0 M HCl in dioxane (20 mL) at 23 *C. 
After 2.5 h the reaction mixture was concentrated to give the 4R-fiuoiopynolidine»2R-carboxylic 
acid mediyl ester hydrochloride salt The product was used without finther purificadon. 

[00556] Step 5: l<3,4-Dimethoxy-5-trifluoromethylthiobenzoyl)-4R-fliioropyiToUdme- 
2R-carboxylic acid methyl ester prepared by reacting 4R-fluoropyrrolidine-2R-carboxylic 
acid methyl ester hydrochloride salt with 3,4-dimethoxy-5-trifluoromethylthiobenzoyl chloride 
according (Product fcom Step I of Example 88) to Method W m 13 h. The product was purified 
by silica gel column chromatography (EtOAc as an eluent) to give l-(3,4-dimethoxy-5- 
trifluoromethylthiobenzoyl)-4R-fluoTopyCTolidine-2R-caiboxylic acid methyl ester in 91% yield. 
ESMS:i»^r41Z5IM + H]. 

[00557] Step 6: To a stirred suspension of HCMl2N-OBn (38 mg, 0.24 mmol, 2 eq.) m 
toluene (3.0 mL) at 0 *C was added trimethylaluminum (2.0 M in hexane, 0.12 mU 0.24 mmol, 
2eq.). After 15minat0'Candafi]rther30minat23 *C, the reaction was treated with a solution 
of l-(3,4-diniethoxy*5-trifluon>methyltMobenzoyl)-4R-fiuoropynoUd^ add 
methyl ester (50 mg, 0.12 mmol, 1 eq.) in toluene (1.0 mL + 1.0 mL flush, added via cannula). 
The resulting mixture was warmed to 50 'C for 45 mm then cooled to 23 This was partitioned 
between 1.0 N HQ (80 mL) and EtiO (100 mL). The layers were separated, the oi^anic layer was 
washed with 1 .0 N HCl (80 mL\ brine (50 mL), dried MgS04 and concentrated in vacuo to give 
l-(3,4-dimeaioxy-5-trifluoromethyltiuobenzoyl)-4R-fluoro add 
benzyloxyamide (58 mg). This was used without fiirther purification. 

[00558] Step 7: l<3,4-I3imeflioxy-5-trifluoromethyltihiobaizoyl)-4R-fluoropyiroU 
2RH::aiboxylic add benzyloxyamide was dissolved in EtOH (6.0 mL) tiien treated with Pd/BaS04 
(5wt%, 50mg). Following evacuation the reaction vessel was purged with Hz (balloon). The 
reaction mixture was stirred at 23 *C for 3 h, then filtered through apad of Celite, washing with 
MeOH (50 mL). The resulting solution was concentrated and the crude product was purified by 
preparative HPLC to furnish l-(3,4-dimeflioxy-5-trifluoromethylthiobenzoyl)-4R- 
fluoropyrrolidine-2R-carboxyIic acid hydroxyamide (1 1 mg). ESMS: m/z 41 1.5 [M -H]. *H 
NMR (300 MHz, CD3OD): 7.60-7.30 (m, 2H), 5.40-5.10 (m, IH), 4.81-4.74 (m, IH), 3.93 (s, 
3H), 3.91 (s, 3H), 3.90-3.70 (m, 2H), 2.63-2.32 (m, 2H). 
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Example 92 

Prepaiation of l-<3»4-dimethoxy-S-trifluoromethyl^^ 

2R-carboxylic acid hydroxyamide 




[00559] Step 1 : To a stined solution of 4R-hydioxypyrroKdiae-2R-carboxyKc acid (5.02 g, 
38.3 mmol, 1 eq.) and NaHCQa (8.05 g, 95.8 mmol, 2.5 eq.) in H2O (85 mL) at 23 was added a 
solution of Cb2&-Cl (6.28 mL, 44.0 mmol, 1 .1 5 eq.) in toluene (20 mL) over 1 5 min period. After 
24 h the layers were separated and the aqueous layer was extracted with EtzO (2 x 1 00 mL) and 
discarded the combined organic layer. The aqueous layer was then acidified to pH 2 with 
concentrated HCl, and the product was extracted with EtOAc (2 x 1 00 mL). The organic layer 
was dried and concentrated in vacuo to give 4R-hydroxypynolidine-l,2R-dica£boxylic acid 1- 
benzyl ester 2-methyl ester (9.97 g,100%). 

[00560] Step 2: To a solution of 4R-hydroxypyrrolidine-l ,2R-dicarboxylic acid 1-benzyl 
ester 2-mBthyl ester (4.64 g, 18.1 mmol, 1 eq.) in acetone (35 mL) at 23 was added Ag20 (14.0 
g, 59.2 mmol, 3.27 eq.) followed by iodomethane (3.90 mL, 62.7 mmol, 3.46 eq.). The resulting 
mixture was stirred for 24 h, then filtered through Celite and concentrated in vacuo. The residue 
obtained was re-subjected to the same reacition conditions three times before the final purification. 
The product was purified via flash colunm chromatography on silica gel (60-70% EtOAc/hexanes 
as an ehient) to give 4R-methoxyoxypyrrolidine-l,2R-dicarboxylic acid 1-benzyl ester 2-methyl 
ester (4.31 g, 15.2 mmol, 84%). ESMS: m/z 316.5 [M + Na], 

[00561] Step 3: To a stirred 4R-methoxyoxypyrrolidme-l,2R-dicarboxylic acid 1-ben^l 
ester 2-methyl ester (1.14 g, 4.01 mmol, 1 eq.) in MeOH (20 mL) was added Pd/C (10 wt %, 167 
mg). Following evacuation the reaction vessel was purged with H2 (balloon), then 1 .0 N HCl 
(6.0 mL, 6.0 nunol, 1.5 eq.) added. The resulting mixture was stirred vigorously at 23 'C for 2 h, 
tiien filtered through Celite, washing with MeOH (1 50 mL). The resulting sohition was 
concentrated to give flie desired 4R-methoxyoxypyrrolidme-2R-carboxylic add metiiyl ester 
hydrochloride salt This was used without further purification. 

[00562] Step 4: l-(3,4-Dimethoxy-5-trifluoromethylthiobenzoyl)4R-methoxypyrrolidine- 
2R-carboxylic acid methyl ester was prepared by reacting 4R-methoxypyrTolidine-2R-carboxylic 
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acid methyl ester hydrochloride salt vnUi 3,4-dimethoxy-S-trifIuorometfayltfaiobeDzoyl chloride 
(Product fiom Step I of Example 88) according to Method W in IS h. The product was purified 
by silica gel column chromatography (EtOAc/hexanes as an eluent) to give l-(3,4-d]methoxy-5- 
tdfluoromediylthiobeiizoyl)-4R-methoxypyrroUdine-2R-^arboxyU^ acid mediyl ester in 83% 
yield. 

[00563] Step 5: 1^3,4-Dimethoxy-5-triitaoromethyltMoben2oyl)-4R-melhoxypyrn)H 
2R-caifooxylic acid hydroxyamide was prepared from l-(3,4-dimethoxy-S- 
trifluoromethylthiobra2x>yl)-4R~methoxypyrroUdine-2R^:arboxy acid methyl ester following 
Method Bin 24 h.ESMS:w/z 423.5 [M^Hj. *HNMR (300 MHz, CD3OD): 7.53 (s, IH), 748 (s, 
IH), 4.55 (t, J= 72 Hz, IH), 4.01-3.94 (m, IH), 3.93 (s, 3H), 3.91 (s, 3H), 3.76-3.67 (m, IH), 
3.64-3.56 (m, IH), 328 (s, 3H), 2.52-2.41 (m, IH), 2.36-2.25 (m, IH). 

Example 93 

Preparation of l-(3,4-dime*hoxy-5-trifluoromethylthiobcnzoyl)'4S-hydroxypyirohdine^ 

2R-carboxylic acid hydroxyamide 




[00564] Step I : To a suspension of 4R-hydroxypynolidine-2R-carboxylic add methyl ester 
hydrochloride salt (7.94 & 38.2 mmol, 1 eq.; Product from Step 1 of Example 90) in CHCb 
(100 mL) at 23 'C was added EtaN (16.0 mL, 115 mmol, 3 eq.) followed by trityl chloride (1 1 .2 g, 
40.1 mmol, 1.05 eq.). After IS min THF (15 mL) was added. The resulting mixture was stirred 
for 3 h, then partitioned between H2O (300 mL) and EtaO (400 mL). The layers were separated 
and the organic layer washed with 1 .0 N HCl (300 mL), brine ^00 mL), dried MgS04 and 
concentrated /f] vacuo. Theproductwaspurified via flash column (^matography on silica gel 
(40% EtOAcAiexanes as eluent) to give 4R-hydroxy-l-tritylpyirolidin&-2R-carboxyUc acid methyl 
ester C7.37 g, 19.0 mmol, 50% yield). 

[00565] Step 2: To a solution of 4R-hydroxy-l-tritylpyrrolidme-2R-carboxylic acid methyl 
ester (7.37 g, 19.0 mmol, 1 eq.), PhCOzH (4.64 g, 38.0 mmol, 2 eq.) and PPhs (9.96 g, 38.0 mmol, 
2 eq.) in toluene (200 mL) at 0 'C was added DIAD (7.47 mL, 38.0 mmol, 2 eq.). The reaction 
bath was slowly allowed to warm to 23 *C. After 16 h the reaction mixture was partitioned 
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between H2O (300 mL) and EtOAc (300 mL). The layers were separated, the organic layer 
washed with saturated aqueous NaHCOj (300 xnL), brine (300 mL), dried MgS04 and 
concentrated in vacuo. The product was purified via flash column chromatography on silica gel 
(18% EtOAc/hexanes as eluent) to give 4S-benzoyIo^-l-tritylpyrrolidine-2R-carboxyiic acid 
methyl ester (8.06 g, 16.4 mmol, 86%). 

[00566] Step 3: To a solution of 4S-benzoyloxy-l-tritylpynolidine-2R-carboxylic add 
mefliyl ester (8.06 g, 16.4 mmol, 1 eq.) in THF (100 mL) at 0 *C was a4ded 0.S M MeONa in 
MeOH (39.4 mL, 19.7 mmol, 1 .2 eq.). The resulting solution was stkred at 0 X for 20 min, flim 
at 23 for 1 h. The mixture was partitioned between brineil.O N HCl (1:1, 300 mL) and EtOAc 
(300 mL). The layers were separated and the organic layer washed widi brine (100 mL), dried 
MgS04 and concentrated in vacuo. The product was purified via flash column chromatography 
on silica gel (50% EtOAc/hexanes as an eluenteiuent) to give 4S-hydroxyoxy-l-tri1ylpyrrolidine- 
2R-carboxylic add methyl ester (3.37 g, 8.71 mmol, 53% yield). 

[00567] Step 4: 4S-Hydroxyoxy-l-tritylpyrrolidine-2R--carboxylic acid methyl ester (510 
mg, 1.32 mmol, 1 eq.) was treated with anhydrous 4.0 M HCl in dioxane (20 mL, excess). The 
resulting mixture was stined vigorously at 23 "C for 3 h, tiien concentrated to give 4S- 
hydroxyoxy-l-pynolidine-2R-carbo3^1ic acid methyl ester hydrochloride salt 

[00568] Step 5: l-(3,4-dimethoxy-S-trifluon}metfayltMobenzoylHS-l>y<l^ 
2R-carboxylic add methyl ester was prq)ared by reactmg 4S-hydroxyoxy-l-pyrrolidine- 
2R*carboxylic add methyl ester hydrochloride salt with 3,4-dunetfaoxy-5'- 
trifluorometibylduobenzoyl chloride according to Method W in 16 h. The resulting product was 
purified by silica gel column chromatography using EtOAc as an ehient to fiunish l-i^A- 
dimethoxy-S-trifluoromethyltUobeiizoyl)-4S-hydroxypynoUdine-2R-c^ add methyl ester 
in 66% yield ESMS: m/z 410.5 [M + H] 

[00569] Step 6: l'<3,4-dimethoxy-5-trifluQromethylthioben2oyl)-4S-hydro3OTyrro 
2R*carboxylic acid hydroxyamide was prepared firom l-(3,4-dimethoxy-5- 
trifluoromethyItMobenzoyl)-4S-hydroxypyrroHdine-2R-<:^^ acid methyl ester following 
MethodBin24h. ESMS: m/^ 409.4 [M-Ifl. ^HNMR (300 MHz, CD3OD): 7.^^ 1H),7,46 
(d, J= 1.8 Hz, IH), 4.58 (dd, 7.5, 9.9 Hz, IH), 4.40 (br s, IH), 3.92 (s, 3H), 3.90 (s, 3H), 
3.89-3.83 (m, IH), 3.41 (d, J- 11.1 Hz, IH), 2.29--2.20 (m, IH), 2.17-2.06 (m, IH). 

Example 94 

Preparation of l-(3,4-dimedioxy-5-trifluoromethylthiobenzoyl)-4-ethynyl-2,5-dihydro-liy- 
pyrrole-2R*carboxylic acid hydroxyamide 
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[00570] Step 1 : To a stined solution of 4R-hydroxypyiK)lidine.i;2R-Kiicarboxylic acid 1- 
rm-birtyl ester 2-methyl ester (30.4 g, 0.124 mol, 1 .0 eq.; product from Step 2 of Example 90) in 
CH2CI2 (800 mL) at 23*^C, was added NaHCCb (103 g, 123 mol, 10.0 eq.), foUowed by Dess- 
Martin periodinane (61 g, 0.144 mol, 1.16 eq.). After being stirred at 23 for 1 h, another batch 
of Dess-Martin periodinane (14 g, 0.033 mol, 0.27 eq.) was added. After 3 h, the reaction mixture 
was quenched by addition of aqueous solution of Na2S203 and extracted with CH2CI2 
(3 X 300 mL). The combined organic layer was washed with brine, dried (Na2S04) and 
concentrated in vacUo, The residue was chromatographed on silica gel (EtOAc/Hexane: 0%-40%) 
to afford 4-oxopyrrolidine-l,2R-dicarboxylic acid l-r^r/-butyl ester 2-methyl ester (14.3 g, 48%). 

[00571] Step 2: To a stirred solution of 4-oxopyrrolidine-l,2R-dicarboxylic acid l-tert- 
butyl ester 2-methyl ester (14.3 g, 58.8 mmol, 1.0 eq.) in THF (120 mL) at -78^C, was added 
NaHMDS (65 mL, 65 mmol, 1.1 eq., 1.0 Msolution in THF) dropwise over 10 min. After 20 min, 
a cold (0 **C) solution of iV^phenyl trifluoromethane sulfonimide (22.7 g, 63.5 mmol, M eq.) in 
THF (120 mL) was added and flie reaction mixture was warmed to 4 ''C and stined for 1 7 hours. 
The reaction mixture was concentrated in vacuo and chromatographed on silica gel 
(EtOAc/Hexane: 0%-10%) to afford 4.trifluorometiiauesulfonyloxy-2,5-dihydiopynole- 
l,2R^carboxylic acid UertAyxxtyl ester 2-metiiyl ester (1 1.5 g, 52%) along wifli 
ben2enesulfonamide(l:l ratio according to ^HNMR). This was used without further purification. 

[00572] Step 3: To a stined solution of 4-trifluoromeflianesulft)nyloxy-2,5-dihydropyrrol^ 
l,2R-dicarboxylic acid l-tert-hv^l ester 2-mefliyl ester (1 .5 g, 4.0 mmol, 1 eq.) m EtaN (10 mL) 
and benzene (10 mL) at 23 'C was added Cul (76 mg, 0.4 mmol, 0.1 eq.), Pd(PPh3)4 (90 mg, 
0.08 mmol, 0.02 eq.) and (trimefliylsilyl)acetylene (1.13 mL, 8 mmol, 2 eq.). After stiiring for 20 
h at 23 ^C, the solvent was removed and the residue was chromatographed on silica gel 
(EtOAc/Hexane: 0%-10%) to afford 4-(tiimeaiylsilanylethynyl)-2,5-dihydropyrrole- 
l,2R-dicarboxylic acid Utert-hxstyl ester 2-methyl ester (1 .8 g, 100%). 

[00573] Step 4: To a stirred solution of 4-(trimetiiylsUanylefliynyl)-2,5-dihydn)pyrrole- 
l>2RKiicarboxylic acid l-ferZ-butyl ester 2-methyl ester (1.8 g, 5.56 mmol, 1.0 eq.) in THF 
(32 mL) at 0 was added TBAF (1.0 M solution in THF, 8.5 mL, 8.5 mmol, 1.53 eq.). The 
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resulting solution was stinred at 0 for 60 min, tben the reaction mixture was diluted with 1 .OM 
HCl solution (200 mL), and extracted wiA EtOAc (3 x 70 mL). The combined organic layer was 
washed with brine (100 mL), dried (Ni^S04X concentrated in vacuo and the residue was 
chromatogn^hed on silica gel (EtOAc/Hexane: 0%^0%) to afford 4-ethynyl-2,5-dihydropyrrole- 
l^-dicarbo3Qrlic acid l-^eit-butyl ester 2-methyl ester (O.IS g, 1 1%). 

[00574] Step 5: 4-Ethynyl-2,5-dihydropynole.l^R-dicarboxylicacid l-rer/-butylester2- 
methyl ester (0. 1 5 1 g, 0,6 mmol, 1 .0 eq.) was dissolved in anhydrous 4.0 M HCl/dioxane sohition 
(3.0 mL) at 23 "^C and stirred for 2 h. The sovlent was removed tn vacuo and tite product was used 
without further purification. 

[00575] Step 6: 1^3,4-Dimethoxy-5-trifluoromethyltWobenzoyl)-4-ethynyl-2,5-^ 
liJ-pyirole-2R-caiboxylic acid methyl ester was prepared by reacting 4-ethynyl-2,5- 
dihydropyrTole-2R-carboxylic acid mefliyl ester hydrochloride salt with 3,4-dimethoxy-5- 
trifluoromethylthiobenzoyl diloride (Product from Step 1 of Example 88) following Method W in 
14 h. The residue was chromatographed on silica gel (EtOAc/Hexane: 0%-40%) to afford l-(3,4- 
dnnethoxy-5-trifluoromethylthiobenzoyO-4-ethynyl-2,5Kiihydro-l^^ 
methyl ester 60% yield. 

[00576] Step 7: H3,4-DimethQxy-5-trifluoromethylthiobenzoyl)-4-ethynyl-2^^ 
l/f-pyrrole-2R-carboxylic add hydroxyamide was prepared from l-(3,4-dimethoxy-5- 
trifluoromethylthiobenzoyl)-4-e&ynyl-2,5-^ydro-Uf-^ add mediyl ester 

followmg Method B in 17 h. ESMS: m/z 415.4 [M - H]. *H NMR (300 MHz, GD3OD): 7.43 (s, 
IH), 7.39 (s, IH), 7.16 (d, IH), 6.01 (m, IH), 5.22 (m, IH), 4.44 (m, IH), 4.10 (d, IH), 3.84 (s, 
3H), 3.82 (s,3H), 3.57 (s, IH). 

Example 95 

Preparation of l-(3,4-dimethoxy-5-trifluoromethylthioben2»yl)-2,5-dihydro-lH-^ 

2R-carboxylic add hydroxyamide 




[00577] Step 1 : To a mixture of 4-trifluoromethanesulfonyloxy-2,5-dihydropyrrole- 
1 ^R-dicarboxylic acid UtertAnOyl ester 2-methyl ester (1 .0 g, 2.7 mmol, 1 .0 eq.). 
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Pd(PPh3)2(OAc)2 (100 mg, 0.133 mmol, 0.05 eq.) was added DMF (10 mL), BuaN (1.9 mL, 
7.97 mmol, 2.95 eq.), and fonnic add (0.2 mL» S.3 mmol, 2.0 eq.)* The resulting reaction mixture 
was stirred at 60 ^'C for 1 5 h and cooled to room temperture. This was quenched by addition of 
aqueous HCl (1.0 M) and extracted with EtOAc (3 x 70 mL). The combined organic layer was 
washed with brine (200 mL), dried (NaiSO^, and concentrated in vacuo. The residue was 
chromatographed on silica gel (EtOAc/hexane: 0%-20%) to afford 2,S-d]hydropyrrole- 
l,2R-dicarboxyiic acid 1-rcrf-butyl ester 2-methyl ester (0.5 g, 83%). 

[00578] Step 2: 2,5-Dihydropyrrole-l ^R-dicaiboxylic acid 1-tert-butyl ester 2-methyl 
ester (0.161 g, 0.71 mmol, 1.0 eq.) was dissolved in anhydrous 4.0 M HCl in dioxane (4.0 mL) at 
23 "^C and stirred for 3 L Dioxane was removed in vacuo and the product was used without 
fiuther purification. 

100579] Step 3: l-(3,4-Dunethoxy-5-trifluoromethyltMoben2oyl>2,5Hiihydro-l/f-py^ 
2R-carlx)xylic acid methyl ester was prepared by reacting 2,5-dihydro-l^r-pynole- 
2Rrdicarboxylic acid methyl ester hydrochloride salt with 3,4-dimethoxy-5- 
trifluoromethylthiobenzoyl chloride CProduct from Step 1 of Example 88) accordmg to Method W 
in 19 h. The residue was chromatographed on silica gel (EtOAc/Hexane: 0%-40%) to afford 1- 
(3,4-dimethoxy-5-tri£luoromethylthiobenzoyl)-2,5-dihydro-l Jy-pyi^ acid methyl 

ester in 69% yield 

[00580] Step 4: l-(3,4*Dunedioxy-5-trifluoromefhyl^obenzoyl>2,5-dihydro-ljFr-p 
2R-carboxylic acid hydro3<7amide was prq)ared fiom l-(3,4-dimefhoxy-5- 
trifluoromelhyltiuobenzoyl)*2,5-dihydro-l&-pyrro acid methyl ester according to 

Method B 17 h. ESMS: m/z 391.4 [M -HQ. *H NMR (300 MHz, CEbOD): 7.50 (m, 2H), 7.22 (d, 
IH), 6.01 (m, IH), 5.82 (m, IH), 524 (m, IH), 4.54 (m, IH), 4.20 (m, IH), 3.92 (s, 3H), 3.90 (s, 
3H). 

Example 96 

Preparation of H3,4-dimethoxy-5-trifluoromethyltMobenzoyl)-2,5-dihydro-lif-py^ 

2R-carboxylic acid hydroxyamide 
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[00581] Step 1: To a stined solution of 4-oxopyrrolidine-l,2R-dicarboxylic acid 
butyl est&c 2-methyl ester (1 .5 g, 6.18 mmol; product from Step 1 of Exaixy[)le 94) in THF (30 mL) 
at 0 was added CF3Si(CH3)3 (1 .05 mL,6.55 mmol, 1.06 eq.) and TBAF (218 (iL). The mixture 
vm wanned to room temperature and stirred overnight Saturated aqueous NH4CI (1 1 mL) was 
added and Ifae mixture was stirred for 1 5 min, ttien TBAF ( 1 0 mL^ 1.0 M in THF) was added and 
the mixture was stirred for 1 h. The organic layer was separated and the aqueous layer was 
extracted with BizO (3 x 100 mL). The combined organic layer was washed with water, brine, 
dried over Na2S04 and concentrated in vacuo. The residue was purified by flash chromatography 
(1:1 EtOAc: hexanes as an eluent) to yield 4R-hydroxy-4-trifluoroniethylpyrrolidine- 
l,2R-dicarboxlic acid /er/-butyl ester 2-mefliyl ester (L54 g, 80%). 

[00582] Step 2: A mixture of 4R-hydroxy-4-trifluoromethylpyrrolidine-i;2R-dicarboxlic 
acid tert'hvtyl ester 2-methyl ester (385 mg, 123 mmol, 1 eq.), pyridine (15 mL), and SOCI2 
(1.15 mL) was heated to reflux under nitrogen for 30 min. After cooling to room temperature, 
H2O (4 mL) was added to quench the reaction. The reaction mixture was passed through a pad of 
celite and the filtrate was extracted with EtOAc (3 x 1 00 mL). The organic layer was washed with 
l.ON HCl (150 mL), saturated aqueous sodium bicarbonate solution (150 mL), H2O (150 mL), 
brine (1 50 mL) dried MgS04 and concentrated in vacuo to yield 4-trifluoromethyl-2,5- 
dihydropyrrole-l,2R-dicarboxlic acid tert-hutyl ester 2-methyl ester (249 mg, 69%). 

[00583] Step 3: To 4-trifluaromethyl-2,5-dihydropyrrole-l ,2R-dicarboxiic acid tert-hntyl 
ester 2-methyl ester (120 mg, 0. 41 mmol) at 0 was added anhydrous 4.0 M HCl in dioxane 
(3.0 mL), and the reaction mixture was stirred for 30 min ibm at room temperature for 3 h. The; 
solvent renioved in vacuo and the residue was used without further purificatioa 

[00584] Step 4: l-(3,4-I>imeflioxy-5-trifluoromelliyltMobenzoyl>-2,5-di^ 
2R-carboxylic add methyl ester was prepared by reactmg 4-trifluoiomethyl-2,5-dihydropyrrole- 
2R-carboxlic acid methyl ester hydrochloride sah with 3,4-duneti[ioxy-5- 
trifluoromethylthiobenzoyl chloride (Product from Step 1 of Example 88) accordding to Me&od 
W. The residue was used witiiout further purification. ESMS: 460.5 [M + H]. 

[00585] Step 5: l-(3,4-Dimethoxy-5-trifluoromethyltWobenzoyl)-2,5-dihydro-l/^^^ 
2R-carboxylic acid hydroxyamide was prepared firom l-(3,4-dimethoxy-5- 
trifluoromethylthiobenzoyl)-2,5-dihydro-lif-pyrrole-2R-carboxylic acid methyl ester according to 
Method B in 4h. ESMS: m/z 459.5 [M H]. NMR (300 MHz, CD3OD): 7.46 (s, IH), 7.40 (s, 
IH), 6,43-6.40 (m, IH), 5.38t-5.30 (m, IH), 4.67-4.53 (m, 2H) 4.33-4.27 (m, IH), 3.84 (s, 3H), 
3.82 (s,3H). 
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Example 97 

Pieparalion of l-<3,4-dimethDxy-5-triflwromethylthi^^^ 

2R-carboxylic add hydtoxyamide 

H 




[00586] Step 1: To a solution of 4-trifluoromethyl-2,5-dihydropyrrole-l^R'^cait^ 
add tert'hMtyl ester 2-methyl ester (100 mg, 0.34 mmol; Product from Step 2 of Example 96) in 
MeOH (10 mL) was added Pd/C (70 mg, 70 wt%). This was subjected to catalytic hydrogenation 
using a balloon pressure of hydrogen at room temperature for overnight The catalyst was filtered 
through a pad of Celite and the filtrate was concentrated in vacuo to fiimish 4R- 
trifluoromethylpyrrolidine-l^R-dicarboxylic acid l-rert-butyl ester 2-methyl ester (55 mg, 54%)- 

[00587] Step 2: To a solution of 4R-trifluoromethylpynrolidine-l ,2R-dicarboxylic add 1- 
rert-butyl ester 2-methyl ester (55 mg, 0.18 mmol) at 0 was added anhydrous 4.0 M HQ in 
dioxane (2.0 mL), and stirred for 30 mm. The reaction mixture was warmed to room temperature 
and stirred for another 3 h. Removal of the solvent in vacuo gave the product and used without 
fijrther purification. 

[00588] Step3:H3,4-Dime<ho^-5-trifluoromethylthiobenzoyl>4R- 
trifluoromethylpyrrolidine-2R-carboxylic acid methyl ester was prepared by reacting 4R- 
trifluoromeflQrlpyrrolidme-2R-caiboxylic acid methyl ester hydrodiloride salt with 3,4- 
dimethoxy-5-trifluoromethylthiobenzoyl chloride (Product fiom Step 1 of Example 88) according 
to Method W. The product obtained was used without fijrther purification. ESMS: m/z 462.5 [M 
+H]. 

[00589] Step 4: To a solution of l.(3,4-Dimethoxy-5'lrifluoromefliylthiobenzoyl)-4R- 
trifluoromethylpym)Kdine-2R-carboxylic add methyl ester (80 mg, 0.17 mmol, 1 eq.) in methanol 
(5 mL) at 23 was added NaOMe (0.5 M in MeOH, 1 .04 mL, 0.52 mmol, 3 eq.), foUowed by 
hydroxylamine hydrochloride (24 mg, 0.34 mmol, 2 eq.), and the reaction mixture was stiired at 
room temperature for 24 h. The reaction mixture was concentrated and the crude product was 
purified by preparative HPLC (H20/Acetonitrile in 0.1% TFA) to finnish l.(3,4-dimethoxy-5- 
trifluoromethyltiuoben2oyl)-4R-trifluoromethyIpyrrolidine-2R-carboxylic add hydroxyamide. 
ESMS: m/z 461 .5 [M - H]. NMR (300 MHz, CD3OD): 7.42 (s, IH), 7.38 (s, IH), 4.47-^.42 
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(m, IH), 3.83 (s, 3H), 3.81 (s, 3H), 3.74-3.65 (m, 2H), 3.15-3.05 (m, IH), 2.53-2.43 (m, IHX 
2.13-2.03 (in,lH). 

Example 98 

Preparation of l-(3,4-dimethoxy-5-trifluoromethyIthiobenzo)4)-4S-<i^^ 
yloxy)pyirolidinB-2R-carbo3orlic acid hy droxyamide 




[00590] Stq> 1: To a sttnedmixtuie of 4R-hydroxypycrolidine-l^-dicarboxylic acid 1- 
tert-hiayl ester 2-metiiyl ester (LO g, 4.07 mmoU 1 eq.; Product from Step 2 of Example 90), 2- 
naphthol (1.19 g, 8.15 imnol, 2 eq.), and PI13P (2.38 g, 8.97 mmol, 2.20 eq.) in dry THF (50 mL) 
at 0 was added DIAD (1 .86 wL, 8.97 mmol, 2.20 eq.) dropwise. The reaction was allowed to 
warm to room temperature and stirred for 8 h. The solvent was removed in vacuo and die residue 
was |»re-adsorbed in silica gel and chromatographed using 30% EtOAc in hexanes as an eluent to 
afford 4S-(naphfbalen-2-ylo}7)pyrrolidine-l^-dicarboxylic acid l-r^r/-butyl ester 2-meihyl 
ester in 79% yield. ESMS: nt/z 394.5 [M+Na]. 

[005911 Step 2: To 4S-(naphthalen-2-yloxy)pyrrolidine-l^R-dicarboxyIic add l-/^r-butyl 
ester 2-methyl ester (180 mg, 0.48 mmol, 1 eq.) was added 4 M HCl in dioxane (2.5 mL) at 0 % 
and ften wanned the reaction to room temperature fen: 3 h. The dioxane was removed in vacuo to 
afford the residue, which was used without further purification. 

[00592] Step 3: l-(3,4-dimethoxy-5-trifluoromethylthiobenzoyl)-4S-(naphthalene-2-ylo^^ 
pyrrolidine-2R-carboxylic acid methyl ester was prepared by reactmg 4S-(naphthalen-2- 
yloxy)pyirolidme-2R-caxboxylic acid methyl ester hydrochloride salt with 3,4-dmiethoxy-5- 
triiluoromethylthiobenzoyl chloride (Product from Step 1 of Example 88) according to Method 
W. The product was used without ftoher purification. ESMS: m/z 536.7 [M+H]. 

[00593] Step 4: l-<3,4-Dimethoxy-5-trifluoromethylthiobenzoyl)-4S-(n^h1balene-2- 
yloxy)pyrrolidine-2R-carbo:^lic acid hydroxyamide ws prepared firom l-(3,4-dimethoxy-5- 
trifluoromethyIddobenzoyl)-4S-(naphthdene-2-yloxy)pyrrolidine-2R<^boxy^^ acid methyl ester 
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according to Method B in 8h. ESMS: mfz 535.7 [M-H] *H NMR (300 MHz, CD3OD): 7.62 (m, 
3H), 7^6 (m, 4H), 7.09 (m, IH), 6.98 (m, IH), 5.10 (m, IH), 4.59 (m, IH), 3.97 (m, IH). 3.73 (s, 
6H), 3.70 (m, IH), 2.52 (m, IH). 2.31 (m, IH). 

Example 99 

Prqparatioii of 4S-(biphenyl-4-yloxy)-l-(3,4-dimefhoxy-5-trifluoromet^^^ 
pynoIidiii&-2R-carboxyIic acid hydroxyamide 




[00594] Step 1 : To a stirred mixture of 4R-hydroxypyrrolidine-l^R-dicarboxylic acid 1- 
/^r/-butyl ester 2-methyl ester (1 .0 g, 4.07 mmol, 1 eq.; Product fixnn Step 2 of Example 90), 
hiphenyl-4-ol (1.43 g, 8.15 mmol, 2 eq.), and PhaP (2.38 g, 8.97 mmol, 220 eq.) in dry THF 
(50 mL) at 0 °C was added DIAD (1 .86 mL, 8.97 mmol, 2.20 eq.) dropwisc. The reaction was 
allowed to warm to room temperature and stirred for 8 h. The solvent was removed in vacuo and 
the residue was pre-adsorbed on to silica gel and chromatographed on silica gel using 30% 
EtOAc/hexanes as an eluent to afford 4S-(biphenyl-4-yloxy)pycrolidinc-l,2R-dicarboxylic acid 1- 
r^r/-butyl ester 2-methyl ester in 47% yield. ESMS: m/z 420.6 [M4-Na]. 

[00595] Step 2: To 4S-(biphenyl-4-yloxy)pyrrolidine-13l-dicarboxylic acid l-/er/-bii^l 
ester 2-methyl ester (210 mg, 0.53 mmol, 1 eq.) was added anhydrous 4 M HCl in dioxane 
(2.5 mL) at 0 and then warmed the reaction tort for 3 h. The dioxane was removed in vacuo 
and the residue was used without further purification. 

[00596] Step 3: 4S-(Biphenyl-4-yloxy)-K3,4-dimetboxy-5-tTifluQromethylthiobenzoyl)- 
pyiro]idine-2R-carboxylic acid methyl ester was prepared by reacting 4S-(biphenyM- 
yloxy)pyrroIidine-2R-carboxylic acid metihyl ester hydrochloride sah with 3,4-dunethoxy-5- 
trifluoromethylthiobenzoyl chloride (Product firom Step 1 of Example 88) according to Method 
W. The product was used without further purification. ESMS: m/z 562.7 [M+H]. 
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[00597] Step 4: 4S-(Biphenyl-4-yloxy>-l<3,4-dimethoxy-5-tri£Iuo^^ 
pyrrolidine-2R-caiboxylic acid hydroxyamide ws prepared from 4S-(biphenyl-4-yloxy)-l-(3,4- 
diiaetiioxy-S-trifluoromethyltfaiobei]zoyl)pyrrolidin add methyl GSt&c according to 

MethodBinSh. BSMS:m/z 561.5 [M-H]. ^HNMR (300 MHz, CD3OD): 7.42 (m,6H), 7.26 
(m, 2H), 7.16 (m, IH), 6.83 (d, 2H), 4.99 (m, IH), 4.57 (m, IH), 3.93 (m, IH), 3.76 (s, 6H), 3.63 
(m, IH), 2.48 (m, IH), 2.27 (m, IH). 

Example 100 

Preparation of 4R<bipbenyl<4-yloxy)-H3,4<dimethoxy-5-tia^ 

pyrro]idine-2R-carboxylic acid hydroxyamide 




[00598] Stepl : To a mixture of of 4S-hydroxypyrrolidine-l^R-<Ucarboxyiic acid Utert- 
butyl ester 2-methyl ester (1.0 g, 4.08 mmol, 1 eq.; Product from Step 2 of Example 91), biphenyl- 
4-0I (860 mg, 4.89 mmol, 1.2 eq.), and PhsP (1.64 g, 6.12 mmol, 1.5 eq.) in dry THF (50 mL) at 0 
°C was added DIAD (1.27 mL, 6.12 mmol, 1.5 eq.) drop\vise. The reaction was allowed to warm 
to rt and stirred for 8 h. The solvent was removed in vacuo and the residue was pre-adsorbed on to 
silica gel and chromatographed on silica gel using in 30% EtOAc/hexanes as an eluent to afford 
4R-(biphenyl-4-yloxy)pyrrolidine-l,2R-dicarboxylic acid 1-r^rr-butyl ester 2-methyl ester. 

[00599] Step2: To 4R-(biphenyM-yloxy)pyiroKdine-13.-<hcarboxyKc add 
ester 2-mediyl ester (1 55 mg, 0.39 mmol, 1 eq.) was added anhydrous 4 M HCl in dioxane 
(2.5 mL) at 0 and then warmed the reaction to rt for 3 h. The dioxane was removed in vacuo 
and the residue was used without fiirfher purification. 

[00600] Step 3: 4R-^iphenyl-4-yloxy>l-(3,4-dimethoxy-5-4rifluoromethylthiobenz^ 
pyrrolidine-2R-carboxylic acid methyl ester was prepared by reacting 4R-(biphenyl-4- 
yloxy)pyrrolidine-2R-carboxylic add methyl estex hydrochloride sah with 3,4-dimethoxy-5- 



149 



wo 2004/007444 



PCT/US2003/021838 



trifluorometfaylthiobenzoyl chloride (Product from Step 1 oT Example acconling to Nfethod 
W. The product vm used without further purification. ESMS: m/z S62.7 [M+H]. 

[00601] Step 4: 4R<BiphenyM-yloxy)-l<3,4-duneflioxy-5-trifluoiomcthylthioben^ 
pyrrolidine-2R-carboxylic acid hydroxyamide ws prepared &om 4R-(biphenyl-4*yloxy>l-(3,4- 
dimethoxy-S-trifluoromethylthiobenzoyl>pyrroUdine-2R<arbo acid methyl ester according 
to Method B in 8h. ESMS: m/z 561.5 [M - H]. *H NMR (300 MHz, CEbOD): 7.42 (m, 6H), 7.25 
(m, 2H), 7.16 (m, IH), 6.90 (d, 2H), 4.97 (m, IH), 4.64 (m, IH), 3.81 (s, 6H), 3.78 (m, 2H), 2.55 
(m,lH),2.40(m,lH). 

Example 101 

Preparation of l<3,4-dimethoxy-5-trifluon>methyltMobenzoyl)-4,4-difluoropyrroUdin^ 

2R-carboxylic acid hydroxyamide 

H 




[00602] Step 1: To a portion of 4-oxopyirolidine-l,2R-dioarboxylic acid Utert-hxAyl ester 
2-methyl ester (650 mg, 2.67 mmol, 1 eq.; Product fiom Step 1 of Example 94) in 
dichlorometliane (12 mL) at -78 C was added DAST (0.4 mL), and the reaction mbctore was 
stirred for 30 min. A second eq. of DAST (0.4 mL) was added and the reaction mixture was 
stilted for a fiulher Ik The reai^on mixture was warmed to -5 and quenched by ad^ 
saturated aqueous sodium bicarbonate (30 mL). The quenched reaction mixture was diluted with 
CEbCb (100 mLX the organic layer was separated, washed with brine (100 mL), dried MgS04 
and concentrated in vacuo. Column chromatography (1 :1 EtOAc:hexane as an eluent) furnished 
4,4-di£Iuoropyrrolidine-l,2R-^carboxylic acid l-/«r/-butyl ester 2-methyl ester as a clear oil (391 
mg, 55%). 

[00603] Step 2: To 4,4*di£Iuoropyrrolidine-l ,2R-dicarbo^lic acid l-/erf-butyl ester 2- 
methyl ester (391 mg, 1 .47 mmol) at 0 C was added anhydrous 4.0 M HCl in dioxane (7.0 mL), 
and the reaction mixture was stirred for 3 0 mia The reaction mixture was warmed to room 
temperature and stirred for another 3 h. The reaction mixture was concentrated m vacuo to yield 
4,4.difIuoropyrrolidine-2R-dicarboxylic acid methyl ester hydrochloride salt as a white solid (242 
mg, 100%). 

ISO 
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[00604] Step 3: l<3,4-Dijnethoxy-5-trifluoiomethylfhiob^ 
2R-ceu:boxylic acid methyl ester was prepared by coupling 4,4*difluoropyrrolidine» 
2R-dicarboxylic acid methyl ester hydrochloride salt with 3,4-dijmethoxy-5- 
trifluoromethylthiobenzoyl chloride (Product from Step 1 of Example 88) according to Mefliod 
W in 14 h. The resulting product was used without further purification, ESMS: 430.5 [M + HJ. 

[00605] Step 4: H3,4-Dimethoxy-5-trifluoromefliyhUoben2»ylM^ 
2R-carboxylic add hydroxyamide was prepared fix>m l-(3,4-dimeflioxy-S- 
trifluoromethyWrioben2oyIH>4HiifluoropyiToUdine-2R^ add mefliyl ester following 

MefliodBinlh. ESMS:429.S(M-HJ. *HNN!R(300 MHz, CD3OD): 7.48 (s, IH), 7.45 (s, 
IH), 4.69 (t, y = 9.9 Hz, IH), 4.25^.06 (m, IH), 3.93 (s, 3H), 3.92 (s, 3H), 3.90-3.78 (m, IH), 
2.85-2,68 (m, IH), 2.65-2.44 (m, IH). 

The following Methods may be used to test compounds of ibis invention. 

ExamoleA 
Susceptibilitv Testing; 

[00606] Compounds were tested following the microdilution method of NCCLS (National . 
Committee for Clinical Laboratory Standards. Methods for dilution antimicrobial susceptibility 
tests for bacteria that grow aerobicall jr. Approved standard - fifth edition. NCCLS document M7- 
A5, NCCLS, Wayne, PA. 2000). Assays were performed in sterile jplastic 96-well microtiter trays 
with round bottom wells (Oreiner). 

Compound Preparation 

[00607] Stock solutions of test compounds and control antibiotics are prepared at lOmg/ml 
in DMSO. Serial 2-fold dilutions of each drug arc performed in a microtiter plate across eadi row 
usmg DMSO as solvent at 100- fold the desired final concentration. Wells in columns #1-1 1 
contain drug and column # 1 2 was kept as a growfli control for the organism witii no drug. Each 
well in the mother plate is diluted with sterile deionized water and DMSO, mixed, and volumes of 
1 0 ^l distributed to each well in the resulting assay plates. 

Preparation of Inoculum 

[00608] Stock cultures were prepared using the Microbank™ metiiod (Pro-Lab 
Diagnostics) and stored at -80**C. To propagate each stram, one bead was removed fixjm the 
fix>zen vial and aseptically streaked onto Trypticase Soy Agar (Difco) which were mcubated at 
35^C. Standardized inocula were prepared using the direct colony suspension method according 
to NCCLS guidelines (National Committee for Clinical Laboratory Standards. Methods for 
dilution antimicrobial susceptibility tests fi>r bacteria tiiat grow aerobically ; Approved standard - 
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fifth edition. NCCLS document M7-A5,NCCLS, Wayne, PA; 2000). Isolated colonies were 
selected fiom an 1 8-24 hr agar plate and lesuspended in 0.9% sterile saline to match a O.S 
McFadand turbidity standard. The suspension was used within IS minutes of preparation. 



Escherichia colt VECO1003 


Escherichia coli ATCC 25922 


Escherichia coli VECO2096 


Escherichia coli M016SS 


Escherichia coli VEC02526 tolC 


Escherichia coli MQ1655 tolC 


Enterobacter cloacae VECLlOOl 


Enterobacter cloacae ATCC 3S030 


Klebsiella pneumoniae VKPNIOOI 


Klebsiella pneumoniae ATCC 10031 


Morganella morganii VMMOlOOl 


Morganella morganii ATCC 25830 


Pseudomonas aeruginosa VPAEl 003 


Pseudomonas aeruginosa ATCC 35032 


Pseudomonas aeruginosa VPAEl 004 


Pseudomonas aeruginosa ATCC 27853 


Pseudomonas aeruginosa VPAElOlO 


Pseudomonas aeruginosa K799 


Pseudomonas aeruginosa VPAElOlO 


Pseudomonas aeruginosa K799/61 


Stiphylococcus aureus VSAU1003 


Staphylococcus aureus ATCC 25923 



Preparation of Assay Plates for MICs 

[00609] Mueller-Hinton Broth MHB (Difco) was prepared at a 1 . IX concentration and 
supplemented with Ca**"*" and Mg^ as recommended by NCCLS. For each organism, the 
standaidized suspension was diluted 1 :180 into appropriate growth medium in a sterile reservoir. 
After mixing, wells in the drug-containing assay plates were inocvdated with a volume of 90^1. 
Thus, for each MIC determination, each well contains a final volume of 1 00 fil with an inoculum 
size of approximately 5 x 10^ cfu/ml and no more than 5% DMSO. 

Interpretation of MIC 

[00610] The completed miootiter plates were incubated 16-20 h at 35^C in ambient air. 
Optical density of each well was determined at 600 mn nang a VersaMax Microplate reader 
(Molecular Devices, Sunnyvale, CA). The MIC was defined as tiie lowest drug concentration 
causing complete suppression of visible bacterial growth. 

Example B 
Efficacy in Marine JEl coli Septicemia 
[00611] EfBcacy studies were performed in an £ coli murine septicemia model according 
to models published elsewhere (Goldstein, B. G. Candiani, T. M. Arain, G. Romano, 1. 
Ciciliato, M. Berti, M. Abbondi, R. Scotti, M. Mainini, F. Ripamonti, and et al. 1995. 
Antimicrobial activity of MDL 63,246, a new semisynthetic glycopeptide antibiotic Antimicrob 
Agents Chemother. 39:1580-1588.; Misiek, M., T. A. Pursiano, F. Leitner, and K. E. Price 1973. 
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Miciobiolo^cal properties of a new cephalosporin, BL-S 339r7-(pHenyIaceiimi<ioyf- 
ammoacetamido>3-(2-methyl-13,4-thiadiazol-5-ylthio methyl)ceph-3-ein-4-carboxylic acid 
Antimiciob Agents Chemother. 3:40-48). 

Compound preparation 

[00612] The compound was dissolved m 10% DMSO, 0.1% Tween 80, 0.9% NaCI solution 
and administered intravenously at 10 ml/kg at 1 hour after bacterial inoculation. The compound 
was admini5tea:ed at 80, 40, 20, S, 2.5, and 125 mg/kg. A control witfi ampidUin was included in 
ib& evaluation. 

EflBcacY model 

[00613] Male or female ICR mice weighing 22±2 g fix)m MDS Pharma Services were used 
for flie evaluation. Food and water was given ad libitum. Groups of 6 mice weighing 22 were 
used for the experiment. Mice were inoculated intraperitoneally with Escherichia coli ATCC 
25922 at 4 X 10"* CFU in 0.5 ml of Brain Heart Infusion Broth (Difco) containing 5% mucin 
(Sigma). MortaUty was recorded once daHy for 7 days following bacterial inoculatioiL TheEDSO 
was determined by non-linear regression and is 28.3 for the compound and 14.1 for ampicillin. 

. [00614] While the invention has been described and iUusbated herein by references to 
various spedfic material, procedures and exanqples, it b understood that tiie invention is not 
restricted to the particular material combinations of material, and procedures selected for that 
purpose! Numerous variations of such details can be implied as will be appreciated by those 
skilled m the art 

Example C 

EfScacv in Murine Proteus vulgaris Septicemia 
[00615] EfiScac^ studies were perfonned in an P: vulgaris murine septicemia model 
according to models published elsewhere (Goldstein, B. P., G. Candiani, T. M. Arain, G. Romano, 
I. Cidliato, M. Berti, M. Abbondi, R. Scotti, M. Mainini, F. Ripamonti, and et al. 1995. 
Antimiorobial activity of MDL 63^246, a new semisynAietic glycopeptide antibiotic Antuuicrob 
Agents Chemother. 39:1580-1588.; Misiek, M., T. A. Pursiano, F. Leitner, and K. E. Price 1973. 
Microbiological properties of a new cephalosporin, BL-S 339: 7-(phenylacetimidoyl- 
aminoacetamido)-3-(2-metibLyl-l,3,4-thiadiazol-5-ylthio mefhyl)ceph-3-em-4-car1)Oxylic acid 
Antimicrob Agents Chemother. 3:40-48). 
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Compound preparation 

[00616] The compound was dissolved in 10% DMSO, 0.1% Tween 80, 0.9% NaCl solution 
and administered intravenously at 10 ml/kg at 1 hour after bacterial inoculation. The compound 
was administered at 20, 1 0, 5, 2.5; and 1 .25 mg/kg. A control with ampiciUin was included in the 
evaluation. 

EfiBcacv model 

[00617] Male or female ICR mice weighing 24:b2 g from MDS Pharma Services were used 
for the evaluation. Food and water was given ad libitum. Groups of 6 mice weighing 24 :bgw^ 
used for the experiment Mice were inoculated intraperitoneally with Proteus vulgaris ATCC 
13315 at 1 X 10* CPU in 0.5 ml of Brain Heart Infusion Broth (Difco) contaming 5% mucin 
(Sigma). MortaUty was recorded once daily for 7 days foUowing bacterial inoculation. TheEDSO 
was determined by non-linear regression and is 1 1 .7 for the compound and 29.7 for ampicillin* 

[00618] While the invention has been described and illustrated herein by references to 
various specific material, procedures and examples, it is understood tiiat the invention is not 
restricted to the particular material confbinations of material, and procedures selected for that 
purpose. Numerous variations of such details can be implied as will be appreciated by those 
skilled in the art 

Example D 

EfBcacv in Murine Klebsiella pneumoniae Septicemia 
[00619] EfGcacy studies were performed in an £ pneumoniae murine septicemia model 
according to models published elsewhere (Ooldstem, B. P., G. Candiani, T. M. Arain, G. Romano^ 
I. Ciciliato, M. Berti, M. Abbondi, R. Scotti, M. Mainini, F. Kipamonti, and et al. 1995. 
Antimicrobial activity of MDL 63,246, a new semisynftetic glycopeptide antibiotic Antimicrob 
Agents Chemother. 39:1580-1588.; Misiek, M., T. A. Pursiano, F. Leitner, and K. R Price 1973. 
Kficrobiological properties of a new cephalosporin, BL-S 339: 7-(phenyIacetimidoyl- 
ammoacetamido>3-(2-methyl-l,3,4-thiadiazol-5-yIthio methyl)ceph-3-em-4-carboxylic add 
Antimicrob Agents Chemother. 3:40*48). 

Compound preparation 

[00620] The compound was dissolved in 10% DMSO, 0.1% Tween 80, 0.9% NaCl solution 
and administered intravenously at 10 ml/kg at I hour after bacterial inoculation. The compound 
was administered at 20, 10, 5, 2.5, and 1.25 mg/kg. A control with ampicillin was included in the 
evaluation. 
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Efficacy model 

[00621] Male or female ICR mice weighing 24±2 g from MDS Pharaia Services were used 
fortheevaluatioxi. Food and water was given ad libitum. Groups of 6 mice weighing 24 g were 
used for the experiment Mice were inoculated intiaperitoneally with Klebsiella pneumoniae 
ATCC 10031 at 3 X 10^ CFU in 0.5 ml of Brain Heart Infusion Broth (Diico) containing 5% 
mudn (Sigma)* Mortality was recorded once daily for 7 days following bacterial inoculation. 
The ED50 was detennined by non-linear regression and is 10.1 for the compound and 6.8 for 
anq)icilliiL 

[00622] While the invention has hoea described and illustrated herein by references to 
various specific material, procedures and examples, it is understood that the invention is not 
restricted to flie particular material combinations of material, and procedures selected for that 
purpose. Numerous variations of such details can be implied as will be q>preciated by those 
skilled in tbie art. 
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WHAT IS CLAIMED IS: 

1 . A compound of Fonnula I, n or III: 




m 

wherein 

Ar is an aryl or heteroaryl ring; 

Xi, X2, X3, and X4 are independently selected from the group consisting of hydrogen, 
alkyl, haloalkyl, aDcylfhio, aikylsulfinyl, alkylsulfonyl, hydroxyalkyl, alkoxy, alkoxyalkyl, 
haloalkoxy, alkenyl, alkenoxy, alkenoxyalkyl, alkynyU alkynyloxy, nitro, halo, hydroxy, 
cycloalkyl, cycioalkylalkyl, arylalkoxy, aiylalkoxyalkyl, haloalkylthio, haloalkylsxilfinyl, 
haloalkylsulfonyl, haloarylalkyl, haloarylalkynyl, alkylsilylalkynyl, aryl, alkynyloxy, 
anaminocarbonylalkyl, carboxylate, carboxyl, carboxamide, heterocycle, and substituted 
heterocycle; 

and are independently selected from the group consisting of hydrogen, alkyl, 
haloalkyl, hydroxyalkyl, alkenyU alkynyl, cycloalkyl, aryl, sustituted aryl, heteroaryl, substituted 
hcteroaiyl, halo, hydroxy, alkoxy, and -0-R* where is a substituted or unsubstituted aryl; with 
the proviso that R^ in formula HI is not hydroxyl; 

is selected from the group consistmg of hydrogen, alkjd, haloalkyl, hydroxyalkyl, 
alkenyl, alkynyl, cycloalkyl, aryl, sustituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, 
alkoxy, and -0-R* ^diere R* is a substituted or unsubstituted aryl; with the proviso that in 
fonnula III is not hydroxyl; 
Zis-CH2-orC(0); 
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and pbaimaceutically acceptable salts thereof, any and ail tautomers of Formula 1, U or 111, 
as well as prodrugs hereof; and 

I^ovided that fhe compounds of Formula I, II and IQ have a minimum inhibition 
concentration of 128 ^g/ml or less against at least one of fhe organisms selected from the group 
consisting of Acinetobacter baumamii, Acmetobacter haemofyticus, Actimbacillus 
actinomycetemcomitans, Aeromonas hydropfttla, Bacteroidesfra^lis, Bacteroides 
iheataioatamicron, Bacteroides dista&onis, Bacteroides ovatus, Bacteroides vulgatus, Bordetella 
pertussis, Brucella melitensis, Burkholderia cepacia, Burkholderia pseudomaUei, Burkholderia 
mallei Fusobacterium, Prevotella corporis, Prevotella intermedia, Prevotetta endodontalis, 
Porpkyromonas asaccharolytica, Campylobacter Jejuni, Campylobacter fetus, Citrobacter 
freundii, Citrobacter koseri Edwarsiella tarda, Eikenella corrodens, Enterobacter cloacae, 
Enterobacter aerogenes, ErU&robacter agglomerans, Escherichia coli, Frandsella tularensis, 
Haemophilus influenzae, Haemophilus ducreyi, Helicobacter pylori, Kingella kingae, Klebsiella 
pneumoniae, Klebsiella oxytoca, Klebsiella rhinoscleromatis, Klebsiella ozaenae, Legionella 
penumophila, Moraxella catarrhalis, Morganella morganii Neisseria gonorrhoeae. Neisseria 
meningitidis, Pasteurella multocida, Plesiomonas sMgelloides, Proteus mirabilis, Proteus 
vulgaris, Proteus permeri, Proteus myxqfadens, Providencia stuartii, Providencia rettgeri, 
Providenciaalcalifaciens, Pseudomonas aeruginosa, Pseudomonasfluorescens, Salmonella 
typhi. Salmonella paratyphi, Serratia marcescens, SMg^llaflexneri, Shigella boydii. Shigella 
sormei. Shigella dyser^eriae, Stenotrophomonas maltophilia, Streptohacillus moniliformis. Vibrio 
cholerae. Vibrio parahaemolyticus. Vibrio vulnificus. Vibrio alginofyticus, Yersinia 
enterocolitica. Yersinia pestis, Yersinia pseudotuberculosis. Chlamydia pneumoniae. Chlamydia 
trachomatis, Ricketsia prowazekii, Coxiella burnetii. Ehrlichia chcfeensis, and Bartonella 
hensenae. 

2. The compound according to Claim 1, therein sai4 compound has the formula I: 




I 
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3. The compound according to Claim 1, wherein said compound has the fonnula II: 

O 




4. The compound according to Claim 1, wherein said compound has the formula nt 




m 
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5- A compound of the Fonnuia IV, V or VI: 




wherein: 

Xi, X2, X3, and X4 are independently selected from the group consisting of hydrogen, 
alkyl, haloalkyl, alkylthio, alkylsulfinyl, alkylsiilfonyl, hydroxyalkyl, alkoxy, alkoxyalkyl, 
haloalkoxy, alkenyl, alkenoxy, alkenoxyalkyl. alkynyl, alkynyloxy, nitro, halo, hydroxy, 
cycloalkyl, cycloalkylalkyl, arylalkoxy, arylalkoxyalkyl, haloalkylthio, haloallqrlsulfinyl, 
haloall^lsulfonyl, haloarylalkyl, haloarylalkynyl, alkylsilylalkynyl, aryl, alkynyloxy, 
anaminocarbonylalkyl, carboxylate, carboxyl, carboxamide, heterocycie, and substituted 
heterocycle; 

and are independently selected from the group consisting of hydrogen, aflcyU 
haloalkyl, hydroxyalkyl, alkenyl, alkynyl, cycloalkyl, aryl, sustituted aryl, heteroaryl, substituted 
heteroaryl, halo, hydroxy, alkoxy, and -O-R"* where R'* is a substituted or unsubstituted aiyl; with 
the proviso Aat in Formula VI, r' is not hydroxyl 

R^ is selected from the group consisting of hydrogen, alkyl, haloalkyl, hydroxyalkyl, 
alkenyl, alkynyl, cycloalkyl, aryl, sustituted aryl, heteroaryl, substituted heteroaryl, halo, hydroxy, 
alkoxy, and -O-R"^ where R^ is a substituted or unsubstituted aiyi; with the proviso that in Formula 
VII,R^ is not hydroxyl; 

Zis-CH2-orC(0); 

and pharmaceutically acceptable salts thereof, any and all tautomers of Formula I, n or III, 
as well as prodrugs thereof; and 
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provided that the compounds of Fonnula IV, V and VI have a mtm'mimi inhibition 
concentration of 128 ^g/ml or less against at least one of the organisms selected from the group 
consisting of Actnetobacter baumamii, Acinetobacter haemofyticvs, Actmobacilltis 
actinomycetemcomitans, Aeromonas hydrophila, Bacteroides fragilis, Bacteroides 
theataioatamicron, Bacteroides distasords, Bacteroides ovatus, Bacteroides vulgatus, Bordetella 
pertussis. Brucella melitensis, Burtholderia cepacia, Burkholderiapseudomalleh Burldtolderia 
mallei Fusobacterium, Prevotella corporis, PrevoteUa intermedia, Prevotella endodontalis, 
Porphyromonas asaccharofytica, Campylobacter jejuni, Campylobacter fetus, Citrobacter 
freundii, Citrobacter koseri, Edwarsiella tarda, Eikenella corrodens, Enterobacter cloacae, 
Enterobacteraerogenes, Enterobacter agglomerans, Escherichia coli, Francisella tularensis, 
Haemophilus influenzae, Haemophilus ducreyi, Helicobacter pylori, Kmgella Ungae, Klebsiella 
pneumoniae, Klebsiella oxytoca, Klebsiella rhinoscleromatis, Klebsiella ozaenae, Legionella 
penumophila, Moraxella catarrhalis, Morganella morganii. Neisseria gonorrhoeae. Neisseria 
meningitidis, Pasteurella multodda, Plesiomonas sMgelloides, Proteus mirabilis, Proteus 
vulgaris, Proteus pemeri, Proteus myxofadens, Providencia stuartii, Providencia rettgeri, 
Pravidendaalcalifaciens, Pseudomonas aeruginosa, Pseudomonas fluorescens. Salmonella 
typhi. Salmonella paratyphi, Serratia marcescens, Shigella flexneri. Shigella boydii. Shigella * 
sormei, Shigella dysenteriae, Stenotrophomonas maltophilia, Streptobacillus moniliformis. Vibrio 
cholerae, Vibrio parahaemolyticus, Vibrio vulnificus. Vibrio alginolyticus, Yersinia 
enterocolitica, Yersinia pestis. Yersinia pseudotuberculosis. Chlamydia pneumoniae. Chlamydia 
trachomatis, Ricketsia prowazekii^ CoxieUa burnetii^ Ehrlichia chqfeensis, and Bartonella . 
henseme. 

6. The conqx)und according to Claim S, wherein said compound has the formula IV: 




IV 
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7. The compound accoiding to Claim 5, wherein said compound has the tbraiula V: 

O 




V 



8. The compound accoidmg to Qami 5» whopein said compound has the fonnula VI: 




VI 

9. The compound accoiding to Claim 1 , \^ecein Ar is selected fiom the group consisting of 
phenyl and 2yS-dihydro-benzo[6]oxepine. 

10. The compound aocordmg to Claim 1, vAi^ein (Xr)(X2-XX3-)(X4-)-Ar- is selected ftom 
the grovqp consisting of: 

3.4- dimethoxy-5-propylphenyl; 
9*methoxy-2,S-dihydro-benzo[6]oxepin^ 
3-allyl-4-allyloxy-S-methoxyphenyl; 
3,4,5-triethoxyphenyl; 
3,4,5-trimethoxyphenyl; 

3.5- dimethyl-4-nitrophCTyl; 
3,S-dimethoxy-4-methylphenyl; 
3-(3-hydroxypropyl)-4,5-dmiethoxyphOTyl; 
3-trifluoromethoxyphenyl; 
3,5-dibiomo-4-methyiphenyl; 
3-methoxy-4-methylphenyl; 
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3,5-dimethylphenyl; 

4-hydroxy-3-niethoxy-5-propylphenyl; 

3-(3-allyloxypropyl>4»5-dimethoxypheayl; 

3<3-bcnzyloxypropylH»5-<limethoxyphenyl; 

3,4-dimeflioxy-5-(3-propoxypropyl)phenyl; 

3-«yclopropylmethyM,5-4imetho}OTlJ^ 

3-hexyl-4,5-dimethoxyidienyl; 

3,4-climethoxy-5-peiitjdphenyl; 

3- allyl-4-hydroxy-5-methoxypiheiiyl; 

4- melfaoxy-3-trifliioiomethoxypheiiyl; 
3-propylphenyl; 

3- allylpheiiyl; 

4- allyloxy-3-trifluoiomettioxypheiiyl; 
3-trifluoromethylphenyl; 
3,4-dimeih6xy-5-(3-metlioxypropy^enyl; 
3-(3-^oxypn)pylH.5-dimeAoxyphenyl; 
3-aUyl-4,5-diinethox}fphenyl; 
3-butyl-4,5-dimethoxyphenyl; 

3.4- dimethoxy-H33,3-trifluaKTropyl^^ 
3-dimethylcaibamoylxnetiiyM»5slimetfaoxy^ 

3.5- dibroxno-4-methoxyphenyl; 
3-iodo-4»5-dimethoxypheiiyl; 
3-(3-fluoK>propylH»5-dimethoxyphenyl; 

3- trifluorometiiylfhiophenyl; 

4- trifluorome(hyId]iophenyl; 
3-trifliiorometfaylsulfinylphenyl; 
3<l-fluoropiopylH^-dime1iioxyphenyl; 

3- ethynyl-4,S-dimeihoxyphenyU 

4- mefliylthio-3-trifluorome1iioxyplienyl; 
4-mettioxy-3-propylphenyl; 
3-(2A2-trifluaroethylfliio)pheayl; 
3-peiitafluoroethyltbiophenyl; 
3,5-diaUyl-4-meflioxypheiiyl; 
3-trifluoromethoxy-4-methoxy-5-propylphenyl; 
3-bromcH4,S-dimethoxyphenyl; 
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3,4-diinethoxy-5-prop-l -ynylphenyl; 

3.4- dimethoxy-5-(2;2>trifluoroethoxy)plieayl; 
4-methoxy-3,5-dipropylphenyl; 

3- inethoxy-5-propylphenyl; 

4- mefhoxy-3-triftuoromethylthiophen>d; 

3- (l ;2^;2-tetrafluoro-l-trifluorome%l)ethyhMop 

3.5- bis-trifIuorometliyltliiophenyl; 

5- methoxy-S-trifluoioine&ylfluophenjd; 

4- methoxy-3-propyl-S-tiifliu>iomeihyIthiophfiQ 
3,4-dimethoxy-5-trifluoromettiyltfuoidienyl; 
4-alloxy-3-trifluoiojnefhylfhiophenyl; 
4*n-propoxy-3-trifliioromediylthioidieayl; 
4-/i-biit-3-^yloxy-3-trifluorometh]4fhiophenyl; 
4-7i-butoxy-3-trifluQiome1hyllMopl]^yl; 
4<3-me%lbm-2-«nylo}7-34rifluoiomethyitUoph^ 
4-(3-fluorophenethy0-34rifluorometfayl1fai^^ 
4-n-peiityl-3-tri£luoiomefhylfliiophenyl; 

3- triftuoromeAyltiuo-4-(tiime%lsilai^ 

4- e1fayilyl-3-tiifluo]x>mediyltfaioplienyl; 
4-aUyl-3-tiiauordmediyltiiiophenyl; 
4-/i-propyl-3-trifluorQmettiyhfakqpihen^ 

3- trifluorome%lthio-4-vinylphenyl; 

4- e%l-3-trifliuwomethylthiophenyl; 
4-piopargyloxy-3- Iriftuorometfaylthiophenyl; 
3*trifluoromet]ioxy-4-tn£hioromQth^ 
4-etfaoxy-3-trifluon>methylthiopheQyl; 
4-(2,2^-^tnfluoroefh-l-yloxy)-3-trifluoro 
3,4-dime4hoxy-S-phenylphenyl; 

3- tri£luorome&oxy'4-viiiylpheayl; 

4- benzyloxy-3-trifiuorometiiyltiiiophenyl; 

3- (3-fluorophenylethynyl)-4»5-dimethoxyphenyl; and 

4- efhyl-3-trifluorometlioxyphe]iyl. 

11. The compound according to Clainis 1 or 5, wherein is selected from the group 
consisting of hydrog^ alkyl, alkoxy, haloalkyl, hydroxyl, aryl, substituted aryl, and alkynyi. 
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12. The compound according to Claims 1 or 5, v^erein is selected from the group 
consisting of a-ethyl, a-fluoro, a-hydroxy, p-methoxy, p-fluoro, p-trifluoromethyl, a-naphth-2- 
yloxy, a-(4-biphenylDxy), p-(4-biphenyloxy), and ethynyl. 

13. A compoxmd selected from the groiq) consisting of: 
l<3,4-diniethoxy-5-prQpylbenzoyl)pyrroUdine-2RK:aibo3^ acid hydroxyamide; 
l-^,4-dimedioxy-S-prqpylben2oyl)a2etidine-2R-carboxylic acid hydroxyamide; 
l-(9-metfaoxy<-2,S-dihydro-benzo[b]oxqrine-7H:arbonyI)a^ acid 

hydroxyamide; 

l-(3-aUyl«4-aUyloxy-5-medioxybenzoyi)azsetidine-2R<arbo:^Uc acid hydroxyamide; 
l-(3»4,S-triefhoxybenzoyl)azetidine-2R-carboxylic add hydro^gramid^ 
l-(3,4,5"trimetihoxybenzoyI)azetidine-2R-carboxylic add hydroxyamide; 
l-(3,4Klimetfaoxy-5-propylbenz3d)a2)etidine-2R-carboxylic add hydroxyamide; 
l-(3,S-dimethyl-4-mtrobenzoyl)a2btidin6-2R-4:^ add hydroxyamide; 
l-(3,S-dimethoxy<4-methylbenzo]i)azetidme-2R<arboxyfi^ add hydroxyamide; 
l-[3-(3-hydroxyprppyl)-4,5-dimethoxybenzoyl]azetid]ne-2RK^^ add 
hydroxyamide; 

l*<3-trifhioromethoxybenzoyi)azetidine-2R-<:aiboxyIic acid hydroxyamide; 
l-(3,5-difaromo-4-methylbenzoyi)azetid]ne-2R-carbo3Qrlic acid hydroxyamide; 
l-(3-methoxy-4-me1hyIbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-<3»5-dimefhylb^izoyl)azetidine»2R-carboxylic add hydroxyamide; 
H4-hydro3Qr-3-methoxy-5-propylbenzoyl)azetidine-2Rs5arboxyUc acidhydro^gramide; 
1 -[3-<3-aUyloxy-piiipyO-4,5-Klimethoxybeazoyl]azetidine- add 
hydroxyamide; 

l.[3^3.benzyloxy-propylH>S*dimethoxybenzoyl]azetidine-2R-^^ add 
hydroxyamide; 

l-[3,4«^Wmethoxy-5-<3-propoxypropyl)benzoyl]a2etidine-2R<arbo^^ acid 
hydroxyamide; 

1^3^«yclop(ropyhnefhyl-4,S-dimethoxybenzoyl)azetidine-2R-ca^ add 
hydroxyamide; 

l-<3-hexyl-4,5-dimedioxybenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(3,4-dimethoxy*S-pentylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(3-aUyl-4-hydroxy-5-methoxybenzoyI)azetidme-2R-carboxylic acid hydroxyamide; 
l-(4-methQxy-3-triflubromethoxybenzoyl)a2etidine-2R-carboxylic acid hydroxyamide; 
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i-^^-propyiDenzoyijazeuaine-zw.-carooxyiic acia nyaroxyamiae; 
l*(3-allylbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-(4-aUyIoxy-3-trifluoiomethoxybeiizoyl)azetidine-2R-caiboxyIi^ acid hydroxyamide; 
l-(3-trifluoiomethyIbenzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-[3,4-dimethoxy-5-(3-methoxypropyl)benzoyl]az»tidine-2RKW^ 
hydroxyamide; 

l-[3<3-ethoxy|nropyO-4,5-<limethoxybenzoyl]azedd]ne-2R^ acid hydroxyamide; 

l-(3-aUyl-4,S*dimedioxybenzoyl)azetidine-2R'-carboxylic acid hydroxyamide 
l-(3-butyM4-dimethoxybeDzoyl)azetidine-2R-carboxylic acid hydroxyamide; 
l-[3,4-dimethoxy-5-(333-trifluoropropyl)benzoyl]azetidine-2R'K^ acid 
hydroxyamide; 

l-<3Klimethylca]tamoyhne%i-4,5-dimetfaoxybenzoyl add 
hydroxyamide; 

l-(3,5-dibnmio-4-metfao}^beirroyl)azeddine-2R-K:a]1)oxylic acid hydroxyamide; 
l<34odo-4^-<l]me&oxybeiizoyl)azetidine-2R'^b acid hydroxyamide; 
l-[3-(3-fliioropropylH>S-<lhxiethoxybenzoyl]azetid^ acid hydroxyamide; 

l-(34rifliionmietfayIthiobeiizoyl)azctidme^2R^ acid hydroxyamide; 
l-(4-trifliiorQme1fay]1hiobeiizoyl)azetidine-2R'^ acid hydroxyamide; 
l-(3-tri£Iuorome1hanesulfiuQylbeiux)yl)azetidiz^ acid hydroxyamide; 

l-[3-(l-fIuamprqpyl>4,S-dimethoxybenzoyl)azetid^ add hydroxyamide; 

l-(3-e1hynyl-44K]iiiiethoxybeiizoyl)azetidine^2R-c^ add hydroxyamide; 
l-(4-me1hylfMo-3-tiifiiioromethoxyb^izoyl)azetidine-2RK^ add hydroxyamide; 
H4-mefhoxy-3-propylbeiizoyl)azetidin&-2R-carboxylic acid hydroxyamide; 
l-[3-<2^;2-trifhioroefhyltiiio)beri2oyl]azetidiiie-2R-carboxylic add hydroxyamide; 
l<3-peiitafliioroethyltbiobeazoyl)a2etidiiie-2R-carboxylic add hydroxyamide; 
H3,S-diaUyl-4-methoxybeiizK>yl)a2»tidine-2R-carboxyli^ acid hydroxyamide; 
1 -(3-trifluoromethoxy-4-medioxy-S-pn>pylbenzoyl)azetidine-2R- caiboxylic acid 
hydroxyamide; 

l-<3-bromo-4,5-diinetlioxybenzoyl)azetidiiie-2R<<:arboxylic acid hydroxyamide; 
l-(3,4-dimetho^-S-*prop-l-ynylbenzoyl)azetidine-2R-carboxylic acid hydroxyiamide; 
l-[3,4-dimethoxy-5-<2,2,2-ttifluoroetboxy)ben2oyl]azetidine-2R^ add 
hydroxyamide; 

l-(4-methoxy-3,SKUpiopylbeiizoyl)azetidirie-2R<<^boxylic acid hydroxyamide; 
l-(3-methoxy-5-propylben20yi)azetidine-2R-<5ai*oxylfc acid hydroxyamide; 
l-(4-methoxy-3-trifluoromethylthiobeii2oyI)azetidiii©-2R-^ acid hydroxyamide; 
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l-L^Hi>'42;24etralliio]t)-l-trittuoromethyIe^ 
hydrDxyamide; 

l<3,S*bis-t]MuoiometiiyKhiobenzoyl)azetidm add hydroxyamide; 

l-<3-jnefhoxy-S*-trifliioiomediyttfaiobe]^ acid hydroxyainide; 

l-<4-methoxy-3-p]t>pyI-5-trifIu(m>methylthiobetvz^ acid 
faydroxyamid^ 

l-(3,4-dim^oxy-5-trifluQromediyltUobeii^ acid 
hydioxyamide; 

l-(3»4-dim^(xxyrS-tnfluQrome&yIfhiobeDZoylH 
l^droxyamide 

l-<3y4-4imel]ioxy*S-trifliioiomet^ 
acid hydroxyamide 

l-(3»4-dimedioxy*S-trifluoromediyIlMobeDZo^^ 
acid hydroxy amide 

l<<3,4-dimethoxy-5-trifihioiomethyltMobe^ acid 
Iqrdmxyamide ^ 

l-<3-trifiiK»omethyltiuobenzoyl)pym)Udin^ add hydroxyamide 

l-(3-me&oxy-S-1xifiuon>methylthioben2oyl)pym>Udine-2R^ acid hydioxyamide 

l-(4-methoxy-3-trifiii0iomethyithiobenzo34)pyrrolid^ add hydroxyamide 

l-(4-me1hoxy-3-pr(^yl-S4rifiuoromefliyIthiobenzoyl)pyr^ acid 
hydroxyamide 

l-(3,4-dime1hoxy*5->trifhiorometfayl1faiobenzoyl^^ acid 
hydroxyamide 

l-(3,4-dimeaioxy-S-1rifluorome1faylfhiobenzoylHR^triflw 
catboxyUc acid hydroxyamide 

l-(3,4HJimelhoxy-5-1rifluoromefliylsufanyl-benzoyl)^ 
pyrrole-2R-carboxyIic acid hydroxyamide 

H3,4-dhneaioxy-5-trifluoromelhyllMoben26yl)-4-^ 
carboxylic add hydroxyamide 

1 -<3,4-dime1faoxy-S-trifluoromettiyltfaioben2oyl)-2,S-^ 
add hydroxyamide 

l-(3,4-dimethoxy-5-trifl\ioromethyttHobei)a»ylHS-(i^ 
carboxylic acid hydroxyamide 

4S-(biphenyl-4-yloxy)-l-(3,4Hiimethoxy-5-trifluoromet^^ 
carboxylic add hydroxyamide 
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4R-(bipheQyl-4-yloxy)-JK3,4-dimethoxy-5-trifluoro 

carboxylic acid hydroxamide 

l-(4-aUyloxy-3-trifluoiX)methylthiobenzoyl)azetidine-2R-carb^ acid hydroxyamide 
l-(4-propoxy-3-trifluoromethylthiobeiizoyl)azetidiiie-2R-^ add hydroxyamide 
l-(4-but-3-eDyloxy-3-tii£liioiome&ylthiobenzoyl) acid 

hydroxyamide 

l-(4-butoxy-3-trifluoiomethylthioben2oyl)azetidine-2R-carbo^^ acid hydroxyamide 
l-[4-(3-methyl»but-2-enyloxy)-3-trifluoTomediyi1hiobeDZO 
faydioxyamide 

l-{4-[2-<3-fluorophenyl)ettiyl]-3-trifluoFome1hyltMobenzoyl}a^ 
faydroxyamide 

l-(4-pmtylO-trifiuorometbyhMobenzoyl)azetidine^2R-c^^ add hydroxyamide 
I-[34nfluorom6thyllUo-4-(trimethylsilanyle1hynyl^ add 
hydroxyamide 

i-(4-ethynyl-3-trifli]oromethyiaiobeiizoy])^^ add hydroxyamide 

l-(4-aUyl-3-trifluoromefhyllUoben2x>yl)azetidiiie^2R add hydroxyamide 

H4-|m}pyl-3-trifluoromethyhhiobei]zoyI)aze^dine*2RH^ acid hydroxyamide 
l-(4-methoxy-3-1xifhu>rorne%11faiobeD^l)azetidiiie-2RK:a^^ add hydroxyamide 
l-(3,4-dimetho37-S-trifluoroethylfluobenzyl)azetidiiie-2R-^^ add hydro^ryamide 
l-(34cifluoromelhylfliiobenzyi)azetidiiie-2RK:arboxyU^ , 
l-<3-ttifIuorome&ylduo-4-vinylbeQzoyl)azetidiiie-2R^ add hydroxyamide 
l-(4-efhyl-3-1nfluoromethyilMobenzoyl)azetidine-2R-^^ acid hydroxyamide 
l-(4-pcop-2-ynyloxy-3-trifluorome&ylfhiobeii2oyl)azetidine-2^^ add 
hydroxyamide 

l-(34rifhioromefhoxy-4-trifluoromethyltMobenzoyl)a2»tidine-2R-^ add 
hydroxyamide 

l-(4-ethoxy-3-1rifluoromethyltUobeDzoyl)azetidine-2R-^^ add hydroxamide 
144^(2»2^-tri£hioroethoxy>3-trifiuoromefhyl1hiobeDzoy add 
hydroxyamide 

(db)-trans-l-(3,4-dimethoxy-S-propylbeiizoyl>3-ediylazetidin add 
hydroxyamide 

l-(5,6-dimetho)9biphenyl-3-caifoonyl)a2etidme-2R-carboxylic acid hydroxyamide 
l-[3-(3-fluorophe0ylethyiiyl)-4,5-dimethoxybenzoyl]azetidine-2R-^ 
hydroxyamide 

l-(3-tciQuoromedioxy-4-vinylbenzoyl)a2etidine-2RK;arboxylic add hydroxyamide 
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l-(4-ethyl-3-triiluorometiioxybeiizoyijazetiaine-/K-carDoxyuc aciu iiyuiuAymmac 
l-<4-beDzyloxy-3-trifluoromeihyItMobenzoyl>azeti acid 

hydioxyamide; 

l-(3,4Hlimethoxy-5-trifluoromethylfluobenzoylH^ 

acid hydioxyamide; 

and phannaceudcally acceptable salts thereof as well as any and all taiitomers thereof 

14. A pharmaceutical composition conqirising a phaimaceutically acceptable carrier and a 
tiierapeutically effective amoimt of one or more of a con4)ound of claim 1 . 

15. A pharmaceutical compodtion comprising a phannaceutically acceptable carrier and a 
therapeutically effective amount of one or more of a compound of claim 5. 

16. The pharmaceutical composition according to Claim 14 further comprising one or moto 
additional antibacterial agents. 

17. The pharmaceutical cooqposition according to Claim IS further comprising one or more 
additional antibacterial agents. 

18. The pharmaceutical cona|x>sition according to Claims 1 6 or 17, wherein said antibacterial 
ag^t is active against gram negative bacteria 

19. The pharmaceutical conxposition according to Claims 16 or 17» ii^erein said antibacterial 
agent is active against gram positive bacteria. 

20. A method for the treatment of a microbial infection in a mammal, comprising 
administering to said mammal a therapeutically effective amount of one or more of a comopund 
ofclaiml. 

21. A method for the treatment of a microbial infection in a mammal, comi»rising 
administering to said mammal a therapeutically effective amount of one or more of a comopund 
of Claims. 

22. A method for the treatment of a microbial infection in a mammal comprising 
administering to said mammal, a pharmaceutical composition of Claim 14. 
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23 . A method for the treatment of a microbial infection in a mammal comprising 
administering to said mammal, a phaimaoeutical composition of Claim 1 5. 

24. The method according to Claims 22 or 23, vfbNein said composition is administeied in 
combination with one or more additional antibacterial agents. 

25. The mediod according to Claim 24, wherein said infection is a gram negative infection. 

26. Hie method according to Claim 25, v^ierem said antibacterial agent is active against gram 
negative bacteria. 

27. The method according to Claim 24, v^dieiein said infection is a gram positive infection. 

28. The method according to Claim 27, wherein said antibactmal agent is active against gram 
positive bacteria. 

29. The method according to Claims 22 <nr 23, wherein said compound is administered to the 
mammal orally, parenterally, tcansdennally, topically, lectally, or intianasally. 

30. The method according to Claims 22 or 23, wherein said composition is administered in an 
amount of firom about 0.1 to about 100 m^g of body weight/day. 

31. A compound of formula Q): 



Q 




wherein: 



Ar is an aiyl or heteroaryl ring; 

X is selected from the groiq> consistmg of alkyl, haloalkyl, alkylthio, 
hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkoxy, alkenyl, alkenoxy, alk^oxyallcyl. 
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alkynyl, nitro, halo, hydroxyl, cycloaUcyl, cycloall^laUcyi, aiyialKoxy, 
arylalkoxyalkyl, haloalkyltfaio, haloalkyl-sulfinyl, and aminocarboxyalkyl; 

is selected fiom the group consistmg of hydrogen, alkyl, haloalkyl, 
hydro^o^alky], alkenyl, alkynyl, cycloalkyl, aryl, substituted aryl, hetmaiyU 
substituted heteroaryl; 

is selected jQx>not the group consisting of hydrogen, alkyl, haioalkyl, 
hydroxyalkyl, alkeayU alkynyl, cycloalkyI» aryl, substituted aryl» hetax)aryl, and 
substituted het^ioaiyl; 

n is an integer fixmi 1 to 4; 

Zis-CH2.orC(0); 

m is an integer fiom 1 to 2 ; 

and pharmaceuticaDy acceptable salts thoreo^ 

provided tiiat^enm is 2» then R^ is H;and 

provided that tiie compound of formula I has a minimum inhibition 
concentration of 128 |i^ml or less against at least one of the organisms selected 
fiom tiie gn>iq> consisting of Acinetobacter baumannih Acinetobacter 
haemofyticus, Actinobadttus acttnomycetemcomitans, Aeromonas hydrophila, 
Biacteroidesfragilis, Bacteraides theataioatamicron, Bacteroides distasonis, 
Bacteroides avatus, Bacteroides vulgaius, Bordetella pertussis. Brucella 
melttensis, BurJdiolderla cepacia, Burkholderia pseudomallei, Burkholderia mallei 
Fusobacterhmt, Prevotelta corporis, PrevoteUa intermedia, Frevotella 
endodontdlis, Porphyromonas asaccharolytica, Campylobacter jejuni, 
Campylobacter fetus, CitrobacterfrewuHi, Ciirobacter koseri, Edwarsiella tarda, 
Eikenella corrondens, Enterobacter cloacae, Enterobacter aerogenes, 
Enterobacter agglomerans, Escherichia coli, Francisella iularensis, Haemophilus 
influenzae, Haemophilus ducreyi, Helicobacter pylori, Kingella Ungae, Klebsiella 
pneumoniae, Klebsiella oxytoca, Klebsiella rhinoscleromatis, Klebsiella ozaenae, 
Legionella penumophila, Moraxella catarrhalis, Morganella morganii. Neisseria 
gonorrhoeae, Neisseria meningitides, Fasteurella multocida, Plesiomonas 
sMgelloides, Proteus mirabilis, Proteus vulgaris, Proteus penneri, Proteus 
myxofaciens, Providenda stuartii, Provtdenda rettgeri, Providencia alcaltfaciens, 
Pseudomonas aeruginosa, Pseudomonas fluorescens, Salmonella typhi. Salmonella 
paratyphi, Serratia marcescens. Shigella flexneri. Shigella boydii. Shigella sonnei, 
Shigella djysenteriae, Stenotrophomonas maltophilia, Streptobaclttus moniliformis. 
Vibrio cholerae. Vibrio parahaemolyticus, Vibrio vulnificus, Vibrio alginofyticus. 
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Yersinia enterocolttica. Yersinia pestis, Yersinia pseudotuberculosis. Chlamydia 
pneumoniae. Chlamydia trachomatis, RicketsiaprawazeUt, Coxiella burnetii, 
^lichia chcfeenis, and Bartonella hensenae. 
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